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(54) MEASURING, SENSING, AND DIAGNOSING APPARATUS AND METHOD RELATING TO 
WAVE PULSE, CARDIAC FUNCTION, AND, MOTION INTENSITY 



(57) When pulse waveform MH is detected by pulse 
wave detection sensor unit 130. wavelet transformer 10 
performs wavelet transformation on pulse waveform MH 
and generates analyzed pulse wave data MKD. This 
analyzed pulse wave data MKD consists of a time 
region In which one heartbeat is divided Into eighths, 
and the frequency region of 0-4 Hz which has been 
divided into eighths. Frequency corrector 11 generates 



corrected pulse wave data MKD' by performing fre- 
quency correction on analyzed pulse wave data MKD. 
Pulse type data generator 12 compares corrected pulse 
wave data MKD* over each frequency-time region, and 
generates pulse type data ZD indicating the type of 
pulse. Display 1 3 displays the pulse type for pulse wave- 
form MH based on pulse type data ZD. 
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Description 

BACKGROUND OF THE INVENTION 
5 1. Technical Reld 

[0001 ] The present invention relates to a method and device for extracting information related to the body's state from 
the pulse wave, and measuring or diagnosing the body's state based on this extracted information. 

10 2. Badcground of the Invention 

[0002] Blood pressure, heart rate and the like are typical measurements employed when diagnosing the condition of 
the circulatory system in the human body. Accordingly, systolic and diastolic blood pressure values and pulse rates 
measured in the body are of great importance as a type of information for understanding the state of the circulatory sys- 
IS tem and. in a greater sense, the state of the body. Since these indices are obtained by measuring the pulse over a fixed 
period of time, they serve as representative values for the period of measurement. 

[0003] As research on pulse waves has progressed, it has become clear that a variety of physiological states which 
cannot be gleaned from blood pressure values and the pulse rate alone, can be obtained using a variety of methods to 
analyze a pulse waveform obtained in the human body. Diagnosis can then be made based on the thus-obtained phys- 
20 tdogical state. The term "pulse wave" as employed here indicates the wave of blood that is pumped out from the heart 
and propagates through the blood vessels. It is known that vark>us medical Information can be obtained by detecting 
and analyzing the pulse wave. 

[0004] In Eastern medicine, for example, the physician performs a pulse diagnosis by applying pressure on the skin 
over the patient's radius artery with his fingers. A diagnosis of the patient's physiological state is then made based on 
25 the pulse sensed by the physician through his fingers. The Ping mai. Hua mai, and Xuan mai are representative forms 
which the pulse wave may assume. 

[0005] However, since the pulse wave is used to diagnose the body's state based on very subtle touch sensations felt 
through the fingers of the examiner, it can be difficult to teach this technique. Accordingly, much practice over a period 
of months and years is required. Moreover, If body motion is present, then it can be particularly difficult to get an accu- 

30 rate pulse type due to fluctuations in blood flow. 

[0006] When performing physical training, exercise of a certain intensity is carried but regularly. The intensity of this 
exercise is obtained from a subjective evaluation by the exerciser who qualifies the exercise as "difficult" or "easy". 
[0007] However, an exercise intensity obtained based on a subjective evaluation is not a suitable index since it does 
not take into consideration the subject's physical strength. 

35 [0008] When evaluating cardiac function, an index which focuses on the amount of blood ejected from the heart is 
employed. Stroke-voiume-per-beat SV and cardiac output CO are examples of such indices. 
[0009] Some degree of body motion accompanies exercise or daily activities, however. Accordingly, blood flow is 
acted upon by this body motion, causing a body motion component to be superimposed on the pulse waveform. As a 
result, it is not possible to continuously measure stroke-volume-per-beat SV and cardiac output CO while exercising or 

40 performing daily activities. 

DISCLOSURE OF THE INVENTION 

[001 0] The present invention takes into consideration the aforementioned physiological states In providing the foltow- 
45 ing devices. 

1) A device and method for objectively specifying the pulse type based on the pulse wavefbnn 

2) A device and method for objectively detecting exercise intensity 

3} A device and method for me^uring stroke volume per beat and cardiac output 

50 

[001 1 ] The fbltowing devices and methods are available for objectively specifying the pulse type based on the pulse 
waveform. 

[001 2] The first aspect of the present invention relates to a pulse wave diagnosing device, characterized in that it com- 
prises a pulse wave detecting means for detecting a pulse waveform at a detection site on the body: a wavelet trans- 
55 forming means for performing wavelet transformation on the pulse waveform detested by the pulse wave detecting 
means, and then generating analyzed pulse wave data in each frequency region; and a pulse type data generating 
means for performing calculations on the analyzed pulse wave data and then generating pulse type data indicating the 
type of pulse waveform. 



2 



EP0 947160A1 



[0013] The second aspect of the present invention relates to a pulse wave diagnosing device, characterized in that it 
comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on the body; a first wavelet 
transforming means for performing wavelet transformation on the pulse waveform detected by the pulse wave detecting 
means, and then generating analyzed pulse wave data in each frequency region; a body motion detecting means for 
detecting body motion and outputting a body motion waveform: a second wavelet transforming means for performing 
wavelet transformation on the txxiy motion waveform detected by the body motion detecting means, and generating 
analyzed body motion data in each frequency region; a mask means for subtracting analyzed body motion data from 
the analyzed pulse wave data, and generating corrected pulse wave data from which body motion components have 
been removed; and a pulse type data generating means for performing calculations on the corrected pulse wave data 
generated by the mask means, and generating pulse type data indicating the type of pulse waveform. 
[0014] The tiiird aspect of the present invention relates to a pulse wave diagnosing device, characterized in that it 
comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on the body; a wavelet 
transforming means for perfbrming wavelet transformation on the pulse waveform detected by the pulse wave detecting 
means, and then generating analyzed pulse wave data in each frequency region; a frequency con'ecting means for cor- 
recting analyzed pulse wave data by normalizing the power at each frequency based on each corresponding bandwidtii 
in tiie frequency regions, and generating corrected pulse wave data; and a pulse type data generating means for per- 
forming calculations on the corrected pulse wave data, and then generating pulse type data indicating the type of pulse 
waveform. 

[0015] The forth aspect of the present invention relates to a pulse wave diagnosing device, characterized in that it 
comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on tiie body; a first wavelet 
transforming means for performing wavelet transformation on the pulse waveform detected by the pulse wave detecting 
means, and then generating analyzed pulse wave data in each frequency region; a first frequency correcting means for 
correcting analyzed pulse wave data based by normalizing the power at each frequency based on each corresponding 
bandwidth in the frequency regions, and generating conected pulse wave data; a body motion detecting means for 
detecting motion of the body, and outputting a body motion waveform; a second wavelet transforming means for per- 
forming wavelet transformation on the body motion waveform detected by the body motion detecting means, and gen- 
erating analyzed body motion data in each frequency region; a second frequency connecting means for correcting 
analyzed body motbn data by normalizing the power at each frequency based on each corresponding bandwidth in the 
frequency regions, and generating conected body motion data; a mask means for subtracting the corrected body 
motion data from the corrected pulse wave data, and generating conected pulse wave data from which body motion 
components have been removed; and a pulse type data generating means for performing calculations on the corrected 
pulse wave data generated by tiie mask means, and generating pulse type data indicating tiie type of pulse waveform. 
[0016] The f iftii aspect of the present invention relates to a pulse wave diagnosing device, characterized in that it com- 
prises a pulse wave detecting means for detecting a pulse waveform at a detection site on the body; a first wavelet 
transforming means for performing wavelet transformation on the pulse waveform detected by the pulse wave detecting 
means, and then generating analyzed pulse wave data in each frequency region; a body motion detecting means for 
detecting body nation and outputting a body motion waveform; a second wavelet transforming means for performing 
wavelet transformation on the body motion waveform detected by the body motion detecting means, and tiien generat- 
ing analyzed body motion data in each frequency region; a mask means for subtracting the analyzed body motion data 
from the analyzed pulse wave data, and generating in each frequency region pulse wave data from which body motion 
components have been removed; a frequency connecting means for correcting pulse wave data by normalizing the 
power at each frequency based on each corresponding bandwidth in the frequency regions, and generating corrected 
pulse wave data; and a pulse type data generating means for performing calculations on the corrected pulse wave data 
generated by the mask means, and generating pulse type data indicating the type of pulse waveform. 
[0017] The sixtti aspect of the present invention relates to a pulse wave diagnosing device, characterized in ttiat it 
comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on the body; a wavelet 
transforming means for performing wavelet transformation on the pulse waveform detected by the pulse wave detecting 
means, and then generating analyzed pulse wave data in each frequency region; a body motion component removing 
means for removing the frequency conrponent corresponding to body motion from the analyzed pulse wave data, and 
generating analyzed pulse wave data; a frequency correcting means for correcting the analyzed pulse wave data gen- 
erated by tiie body motion component removing means in accordance with the corresponding frequency, and generat- 
ing corrected pulse wave data; and a pulse type data generating means for perfbrming calculations on the corrected 
pulse wave data, and generating pulse type data indicating tiie type of pulse waveform. 

[0018] The seventh aspect of the present invention relates to a pulse wave diagnosing device, characterized in that 
the pulse type data generating means is provided with an inverse wavelet transforming means for perfbrming inverse 
wavelet transformation on the connected pulse wave data, and generating pulse wave data from which body motion 
components have been removed; and a data generating means for generating pulse type data based peak information 
in tiie pulse wave data. 
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(00191 The eighth aspect of the present invention relates to a pulse wave diagnosing device, characterized In that it 
comprises a state detecting means for detecting the physiological exercise state based on the body motion waveform 
detected by the body motion detecting means; and a controlling means for controlling the first wavelet transforming 
means in accordance with the exercise state, so as to vary the frequency region subjected to frequency analysis. 

5 [0020] The ninth aspect of the present invention relates to a pulse wave diagnosing device, characterized in that the 
controlling means is provided with a recording means for recording in advance the relationship between the physiolog- 
ical exercise state and the frequency region subjected to frequency analysis, and a reading out means for reading out 
the frequency region that is subjected to frequency analysis based on the physiological exercise state detected by the 
state detecting means; wherein the controlling means controls the frequency region that Is subjected to frequency anal- 

10 ysis based on the read out results. 

[0021 J The tenth aspect of the present invention relates to a pulse wave diagnosing device, characterized in that it 
comprises a pulse wave period detecting means for detecting the period of the pulse waveform, wherein the wavelet 
transforming means performs wavelet transformation In synchronization with the detected period. 
[0022] The eleventh aspect of the present invention relates to a pulse wave diagnosing device characterized in that it 

15 comprises a pulse wave period detecting means for detecting the period of the pulse waveform, wherein the first and 
second wavelet transforming means perform wavelet transformation in synchronization with the detected period. 
[0023] The twelfth aspect of the present invention is characterized in that it comprises a notifying means for notifying 
the subject of the pulse type data generated by the pulse type data generating means. 

[0024] The thirteenth aspect of the present invention relates to a pulse wave diagnosing device, characterized in that 
20 the pulse wave detecting means consists of a pressure sensor for employing pressure to detect the arterial pulse in the 
body. 

[0025] The fourteenth aspect of the present invention relates to a pulse wave diagnosing device, characterized in that 
the pulse wave detecting means detects as the pulse waveform a received light signal in which reflected light otytained 
when a detection site on the body is irradiated with light of wavelength 300-700 nm is received. 

25 [0026] The fifteenth aspect of the present invention relates to a pulse wave diagnosing device, characterized In that 
the pulse wave detecting means detects as the pulse waveform a received light signal in which transmitted light 
obtained when a detection site on the body is irradiated with light of wavelength 600-1000 nm is received. 
[0027] The sixteenth aspect of the present invention relates to a pulse type data generating method, characterized in 
that it comprises a first step in which a pulse waveform is detected at a detection site on the body; a second step in 

30 which wavelet transformation Is performed on the detected a pulse waveform and analyzed pulse wave data is gener- 
ated in each frequency region; and a third step in which calculations are performed on the analyzed pulse wave data 
and pulse type data indicating the type of pulse waveform is generated. 

[0028] The seventeenth aspect of the present invention relates to a pulse type data generating method, characterized 
in that it comprises a first step in which a pulse waveform is detected at a detection site on the body; a second step in 

35 which wavelet transformation is performed on the pulse waveform detected in the first step, and analyzed pulse wave 
data is generated in each frequency region; a third step in which body motion is detected and a body motion waveform 
is generated; a forth step in which wavelet transformation is performed on the detected body motion waveform, and 
analyzed body motion data is generated in each frequency region; a fifth step in which the analyzed body motion data 
is subtracted from the analyzed pulse wave data, and connected pulse wave data from which body motion components 

40 have been removed is generated; and a sixth step in which calculations are performed on the corrected pulse wave data 
and pulse type data indicating the type of pulse waveform is generated. 

[0029] The eighteenth aspect of the present invention relates to a pulse type data generating method, characterized 
in that it comprises a first step in which a pulse waveform is detected at a detection site on the body; a second step in 
which wavelet transformation is performed on the pulse waveform detected in the first step, and analyzed pulse wave 
45 data is generated in each frequency region; a third step In which the analyzed pulse wave data is corrected by normal- 
izing the power at each frequency based on each con-esponding bandwidth in the frequency regions, and corrected 
pulse wave data is generated; and a fourth step in which calculations are performed on the corrected pulse wave data 
and pulse type data indicating the type of pulse waveform is generated. 

[0030] The nineteenth aspect of the present invention relates to a pulse type data generating method, characterized 
50 in that It comprises a first step in which a pulse waveform is detected at a detection site on the body; a second step in 
which wavelet transformation Is performed on the pulse waveform detected in the first step, and analyzed pulse wave 
data is generated in each frequency region; a third step in which analyzed pulse wave data is connected by normalizing 
the power at each frequency based on each corresponding bandwidth in the frequency regions, and corrected pulse 
wave data is generated; a forth step In which body motion is detected and a body motion waveform Is generated; a fifth 
55 step in which wavelet transformation is performed on the body motion waveform detected in the forth step, and analyzed 
body motion data is generated in each frequency region; a sixth step in which analyzed body mcAlon data is corrected 
by normalizing the power at each frequency based on each corresponding bandwidth in the frequency regions, and cor- 
rected body motion data is generated: a seventh step in which tiie corrected body motion data is subtracted from the 
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corrected pulse wave data, and corrected pulse wave data from which body motion components have been removed is 
generated; and an eighth step in which calculations are performed on the corrected pulse wave data and pulse type 
data indicating tfie type of pulse waveform is generated. 

[0031 ] The twentieth aspect of the present invention relates to a pulse type data generating method, characterized in 

5 that it comprises a first step in which a pulse wavefonn is detected at a detection site on the body; a second step in 
which wavelet transformation is performed on the pulse waveform and analyzed pulse wave data is generated In each 
frequency region; a third step in which body motion is detected and a body motion waveform is generated; a fourth step 
in which wavelet transformation is performed on the body motion waveform detected in step 3 and analyzed body 
motion data is generated in each frequency region; a fifth step in which the analyzed body motion data is subtracted 

10 from the analyzed pulse wave data, and pulse wave data from which body motion components have been removed is 
generated in each frequency region; a sixth step in which pulse wave data is corrected by normalizing the power at each 
frequency based on each corresponding bandwidth in the frequency regions, and con-ected pulse wave data is gener- 
ated; and a seventh step in which calculations are performed on the con'ected pulse wave data, and pulse type data 
indicating the type of pulse waveform is generated. 

15 [0032] The twenty-first aspect of the present invention relates to a pulse type data generating method, characterized 
In that it comprises a first step in which a pulse waveform is detected at a detection site on the body; a second step in 
which wavelet transformation is performed on the pulse waveform and analyzed pulse wave data is generated in each 
frequency region; a third step in which the frequency corrponents corresponding to body motion components are 
removed from the analyzed pulse wave data, and analyzed pulse wave data Is generated: a fourth step in which ana- 

20 lyzed pulse wave data is corrected in accordance with each corresponding frequency, and corrected pulse wave data 
is generated; and a fifth step in which calculations are performed on the corrected pulse wave data, and pulse type data 
indicating the type of pulse waveform is generated. 

[0033] Next the following devices and methods are available for objectively detecting exercise intensity. 

[0034] The twenty-second aspect of the present invention relates to an exercise index measuring device, character- 

25 ized in that it comprises a pulse rate detecting means for detecting the subject's pulse rate; a pitch detecting means for 
detecting the subject's exercise pitch; a determining means for determining the point at which the detected pulse rate 
and the detected exercise pitch are approximately the same; a first calculating means for obtaining the exercise inten- 
sity corresponding to the determined point; and a first notifying means for infornting the subject of the obtained exercise 
intensity in the form of an exercise index. 

30 [0035] The twenty-third aspect of the present Invention relates to an exercise index measuring device, characterized 
in that the determining means determines that the detected pulse rate and the detected exerdse pitch are the same if 
the difference between them is within the range of ±10%. 

[0036] The twenty-fourth aspect of the present invention relates to an exercise index measuring device, characterized 
in that it comprises a first recording means for recording the exercise intensity obtained by the first calculating means 
35 in association with a time; and a second notifying means for notifying the subject of the details recorded in the first 
recording means along with changes over time. 

[0037] The twenty-fifth aspect of the present invention relates to an exercise index measuring device, characterized 
in that it conprises a second calculating means for obtaining the exercise intensity from the detected exercise pitch or 
the detected pulse rate at that point in time; and a third notifying means for notifying the subject of the exercise intensity 

40 obtained by the second calculating means. 

[0038] The twenty-sixth aspect of the present invention relates to an exercise index measuring device, characterized 
in that it comprises a pulse rate detecting means for detecting the subject's pulse rate; a pitch detecting means for 
detecting the subject's exercise pitch; a first comparing means for obtaining the difference between the pulse rate 
detected by the pulse rate detecting means and the pitch detected by the pitch detecting means, and comparing this 

45 difference with the pulse or the pitch; and a forth notifying means for notifying the subject of the results of the compar- 
ison obtained by the comparing means. 

[0039] The twenty-seventh aspect of the present invention relates to an exercise index measuring device, character- 
ized in that it comprises a pulse rate detecting means for detecting the subject's pulse rate; a pitch detecting means for 
detecting the subject's exercise pitch; a second conparing means for comparing the pulse rate detected by the pulse 
50 rate detecting means and the pitch detected by the pitch detecting means; and a fifth notifying means for providing the 
subject with an exercise Index based on the results of the comparison by the comparing means which is in a direction 
that will eliminate the difference between the detected pitch and the detected pulse rate. 

[0040] The twenty-eighth aspect of the present invention relates to an exercise index measuring device, characterized 
in that the exercise performed by the subject is running, and in that a second recording means for recording in advance 
55 the subject's stride is provided; wherein the pitch detecting means detects the subject's running pitch, the first or second 
calculating means obtains as the exercise intensity the result obtained by multiplying the running pitch detected by the 
pitch detecting means and the stride recorded In tiie second recording means. 

[0041 ] The twenty-ninth aspect of tiie present invention relates to an exercise index measuring device, characterized 
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in that it comprises a correcting means for correcting the stride recorded in the second recording means accompanying 
changes in the subject's running pitch or pulse rate. 

[0042] The thirtieth aspect of the present Invention relates to an exercise index measuring device, characterized in 
that it comprises a communicating means for sending and receiving information with an external piece of equipment 
5 [0043] The thirty-first aspect of the present invention relates to an exercise index measuring device, characterized in 
that it comprises a third recording means for recording at least one or more of data expressing stride corrected by the 
conecting means, pitch detected by the pitch detecting means, or pulse rate detected by the pulse rate detecting 
means; and a communicating means for transmitting the data recorded in the third recording means to an external piece 
of equipment. 

10 [0044] The thirty-second aspect of the present invention relates to an exercise index measuring device, characterized 
In that the communicating means receives at least one or more data indicating the stride, the pitch or the pulse rate set 
by an external piece of equipment. 

[0045] The thirty-third aspect of the present invention relates to an exercise index measuring method, characterized 
in that it comprises a second step in which the subject's exercise pitch is detected: a third step in which the point at 
IS which the detected pulse rate and the detected pitch are approximately the same is determined: a forth step in which 
the exercise intensity corresponding to the determined point is obtained; and a fifth step in which the subject is informed 
of the obtained exercise intensity as an exercise index. 

[0046] The thirty-fourth aspect of the present invention relates to an exercise index measuring method, characterized 
in that it comprises a sixth step in which the exercise intensity Is recorded in association with a time; and a seventh step 
20 in which the subject is Informed of the recorded details along with changes over time. 

[0047] The thirty-fifth aspect of the present invention relates to an exercise index measuring method, characterized 
in that a step in which the exercise intensity is determined from the detected exercise pitch and or the detected pulse 
rate at that point in time is provided in place of tiie third and fourth steps. 

[0048] The thirty-sixth aspect of the present Invention relates to an exercise index measuring method, characterized 
25 in that it comprises a first step in which the subject's pulse rate is detected; a second step in which the subject's exercise 
pitch is detected; a third step In which the difference between the detected pulse and the detected pitch Is obtained, and 
this difference is compared with the pulse rate or the pitch; and a forth step in which the subject is notified of the results 
of tiie comparison. 

[0049] The thirty-seventii aspect of the present Invention relates to an exercise index measuring method, character- 
30 ized In that It comprises a first step in which the subject's pulse rate is detected; a second step in which the subject's 
exercise pitch Is detected; a third step In which tine detected pitch and the detected pulse rate are compared; and a 
fourth step in which, based on ttie results of the comparison, the subject is informed of an exercise index in a direction 
which will eliminate the difference between the detected pitch and the detected pulse rate. 

[0050] The thirty-eighth aspect of the present Invention relates to an exercise intensity detecting device, characterized 
35 in that it comprises a pulse wave detecting means for detecting the pulse waveform at the detection site on the body; a 
body motion detecting means for detecting body motion waveforms which expresses the motion of the body; a body 
motion component removing means for generating the body motion components in the pulse waveform based on tiie 
body motion waveform, and removing the body motion components from tiie pulse waveform to generate a pulse wave- 
form from which body motion components have been removed; a respiratory component extracting means for extracting 
40 the respiratory component based on the pulse waveform from which body motion components have been removed; and 
an exercise intensity generating means for calculating the exercise intensity based on the respiratory components 
extracted by tiie respiratory component extracting means. 

[0051 ] The thirty-ninth aspect of the present invention relates to an exercise Intensity detecting device, characterized 
in tiiat the respiratory component extracting means Is provided with a wavelet transformer for performing wavelet ti-ans- 

45 formation on a pulse waveform from which body motion components have been removed, and generating analyzed 
pulse wave data from which body motion components have been removed: and a respiratory waveform generator for 
generating analyzed respiratory waveform data by removing tiie frequency components corresponding to tiie pulse 
wave components from flie analyzed pulse wave data from which body motion components have been removed, and 
generating a respiratory waveform as the respiratory component by performing inverse wavelet transfomiation on tiie 

so analyzed respiratory waveform data. 

[0052] The fortieth aspect of the present invention relates to an exercise intensity detecting device, characterized in 
that ttie exercise intensity generating means calculates the exercise Intensity based on tiie proportion of frequency 
components obtained by performing frequency analysis on the respiratory components extracted by the respiratory 
component extracting means. 

55 [0053] The forty-first aspect of the present invention relates to an exercise intensity detecting device, characterized in 
that tfie exercise Intensity generating means calculates ttie distortion factor from each frequency component obtained 
by performing frequency analysis on the respiratory components extracted by the respiratory component extracting 
means, and calculates the exercise intensity based on the distortion factor. 
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[0054] The forty-second aspect of the present Invention relates to an exercise intensity detecting device, character- 
ized in that the exercise intensity generating means calculates the ratio of the fundamental frequency component to the 
third harmonic component obtained by performing frequency analysis on the respiratory components extracted by the 
respiratory component extracting means, and calculates the exercise intensity based on this proportion. 

5 [0055] The forty-third aspect of the present invention relates to an exercise intensity detecting device, characterized 
in that the respiratory component extracting means extracts the respiratory waveform as the respiratory component, 
and the exercise intensity generating means detects the duty ratio of the respiratory wavelength extracted by the respi- 
ratory component extracting means, and generates the exercise intensity based on the duty ratio. 
[0056] The forty-fourth aspect of the present invention relates to an exercise intensity detecting device, characterized 

10 in that the body motion component removing means is provided with a first frequency analyzer for analyzing the fre- 
quency spectrum of the pulse waveform, a second frequency analyzer for analyzing the frequency spectrum of the body 
motion waveform, and a body motion component remover for removing a frequency which is identical to the frequency 
spectrum analyzed by the second frequency analyzer from the frequency spectrum analyzed by the first frequency ana- 
lyzer and generating a spectrum from which body motion components have been removed; wherein the respiratory 

IS component extracting means extracts the frequency spectrum corresponding to the fundamental component of the res- 
piratory component from among the spectrums from which body motion conrponenis have been removed, and the exer- 
cise Intensity generating means calculates the exercise intensity based on the level of the frequency spectrum 
con^esponding to the fundamental component of the respiratory component, and to the level of the frequency spectrum 
corresponding to the higher harmonic wave components thereof. 

20 [0057] The forty-fifth aspect of the present invention relates to an exercise intensity detecting device, characterized in 
that the respiratory component extracting means specifies the band determined according to the pulse rate from among 
the spectrums from which body motion components have been removed, and extracts the frequency spectrum corre- 
sponcfing to the fundamental component of the respiratory component from the frequency spectrums in this band. 
[0058] The forty-sixth aspect of the present invention relates to an exercise Intensity detecting device, characterized 

25 in that the exercise intensity generating means calculates the distortion factor in the respiratory waveform based on the 
level of the spectrum con-esponding to the fundamental component of the respiratory component and the level of the 
spectrum corresponding to the higher harmonic wave components thereof, and calculates the exercise intensity based 
on the distortion factor. 

[0059] The forty-seventh aspect of the present invention relates to an exercise intensity detecting device, character- 
30 Ized in that the exercise intensity generating means obtains the ratio of the level of the spectrum corresponding to the 
fundamental component of the respiratory component to the level of the spectrum corresponding to the third order 
higher harmonic wave components, and calculates the exercise intensity based on this proportion. 
[0060] The forty-eighth aspect of the present invention relates to an exercise intensity detecting device, characterized 
In that It comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on the body: a res- 
35 piratory component extracting means for extracting the respiratory component from the pulse waveform; and an exer- 
cise intensity generating means for calculating the exercise Intensity based on the respiratory component extracted by 
the respiratory component extracting means. 

[0061 ] The forty-ninth aspect of the present invention relates to an exercise intensity detecting device, characterized 
in that the respiratory component extracting means is provided with a frequency analyzer for performing frequency anal- 

40 ysis on the pulse waveform, and generating analyzed pulse wave data; a pulse wave component remover for removing 
pulse wave components from the analyzed pulse wave data; a fundamental frequency table for storing relationships 
associated in advance between the fundamental frequencies of body motion and the fundamental frequencies of res- 
piration; a frequency specifying member for referencing the fundamental frequency table, and then specifying the res- 
piratory fundamental frequency and the body motion fundamental frequency from among the analyzed data; and an 

45 extractor for calculating each of the higher harmonic wave frequencies based on the respiratory fundamental frequen- 
cies specified by the frequency specifying member, and extracting the respiratory component. 
[0062] The fiftieth aspect of the present invention relates to an exercise intensity detecting device, characterized in 
that the exercise intensity generating means calculates the distortion factor in the respiratory waveform based on the 
level of the spectrum con'espondlng to the fundamental component of the respiratory component and the level of the 

so spectrum corresponding to the higher harmonic wave conrponents thereof. 

[0063] The fifty-first aspect of the present Invention relates to an exercise intensity detecting device, characterized in 
that the exercise intensity generating means determines the ratio of the level of the spectrum corresponding to the fun- 
damental component of the respiratory component, and the level of the spectrum corresponding to the third higher har- 
monic wave components, and calculates the exercise intensity based on this proportion. 

55 [0064] The fifty-second aspect of the present Invention relates to an exercise intensity detecting device, characterized 
in that it comprises a notifying means for informing the subject of the exercise intensity generated by the exercise inten- 
sity generating means. 

[0065] The fifty-third aspect of the present invention relates to an exercise intensity detecting method, characterized 
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in that it comprises a first step in which a pulse waveform is detected at a detection site on the body; a second step in 
which body motion waveforms expressing motion of the body are detected; a third step In which the body motion com- 
ponents In the pulse waveform are generated based on the body motion waveform; a forth step in which the body 
motion components are renwved from the pulse waveform, and a pulse waveform from which body motion components 
5 have been removed is generated; a fifth step in which respiratory components are extracted based on the pulse wave- 
form from which body motion components have been removed; and a sixth step in which the exercise intensity is cal- 
culated based on the extracted respiratory component. 

[0066] The f ifty-forth aspect of the present invention relates to an exercise intensity detecting method, characterized 
in that the fifth step Is provided with a step in which wavelet transformation Is performed on the pulse waveform from 

10 which body nrratlon components have been removed, and analyzed pulse wave data from which body motion compo- 
nents have been removed Is generated; and a step in which respiratory wave data is generated by removing frequency 
components con-espondlng to the pulse wave components from the analyzed pulse wave data from which body motion 
components have been removed, and a respiratory waveform is generated as the respiratory component by performing 
inverse wavelet transformation on the analyzed respiratory waveform data. 

IS [0067] The fifty-fifth aspect of the present invention relates to an exercise intensity detecting method, characterized 
in that, in the sixth step, the exercise intensity is calculated based on the ratio of the frequency components obtained 

by performing frequency analysis on the extracted respiratory components. 

[0068] The fifty-sixth aspect of the present Invention relates to an exercise Intensity detecting device, characterized 
in that, in the frfth step, a respiratory waveform is extracted as the respiratory component from the pulse waveform from 

20 which body motion components have been removed, and, in the sixth step, the duty ratio for the extracted respiratory 
waveform is detected, and the exercise intensity is generated based on the duty ratio. 

[0069] The fifty-seventh aspect of the present invention relates to an exercise Intensity detecting method, character- 
ized in that it comprises a first step in which a pulse waveform is detected at a detection site on the body; a second step 
in which the frequency spectrum of the pulse waveform is analyzed; a third step in which the body motion waveforms 

25 expressing motion of the body are detected; a forth step In which the frequency spectrum of the body motion waveform 
Is analyzed; a fifth step in which a frequency spectrum that is identical to the frequency spectrum of the analyzed body 
motion v^vefbrm is removed from the frequency spectrum of the analyzed pulse waveform, and a spectrum from which 
body motion components have been removed in generated; a sixth step In which the frequency spectrum corespond- 
Ing to the fundamental component of the respiratory component Is extracted from among the spectrums from which 

30 body motion components have been removed; and a seventh step in which the exercise intensity Is calculated based 
on the level of the frequency spectrum corresponding to the fundamental component of the respiratory component and 
the level of the frequency spectrum corresponding to the higher harmonic wave components thereof. 
[0070] Thef ifty-elghth aspect of the present invention relates to an exercise intensity detecting method, characterized 
in that it comprises a first step in which a pulse waveform is detected at a detection site on the body; a second step in 

35 which respiratory components are extracted from the pulse waveform; and a third step in which exercise intensity is cal- 
culated based on the extracted respiratory components. 

[0071 ] The fifty-ninth aspect of the present invention relates to an exercise intensity detecting method, characterized 
in that the third step is provided with a step In which preassodated relationships between the fundamental frequency of 
body motion and the fundamental frequency of respiration are stored; a step in which frequency analysis is performed 

40 on the pulse waveform and analyzed pulse wave data Is generated; a step In which the pulse wave components are 
removed from the analyzed pulse wave data; a step in which the fundamental frequency of body motion and the funda- 
mental frequency of respiration are specified from among the analyzed data by referencing the contents of memory; 
and a step in which the higher harmonic wave frequencies are calculated based on the specified fundamental fre- 
quency of respiration, and the respiratory components are extracted. 

45 [0072] Next, the following inventions relate to devices or methods for measuring stroke volume per beat or cardiac 
output. 

[0073] The sixtieth aspect of the present Invention relates to an exercise intensity detecting device, characterized in 
that it comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on the body; a body 
motion detecting means for detecting body motion waveforms expressing motion of the body; a body motion component 

50 removing means for generating the body motion components in the pulse waveform based on the body motion wave- 
form, removing the body motion components from the pulse waveform, and generating a pulse waveform from which 
body motion components have been removed; a heart rate detecting means for detecting the body's heart rate; an ejec- 
tion duration detecting means for detecting the ejection duration of the heart based on the pulse waveform from which 
body motion components have been removed; and a cardiac output calculating means for calculating cardiac output 

55 based on the heart rate and the ejection duration of tiie heart. 

[0074] The sixty-first aspect of the present invention relates to an exercise intensity detecting device, characterized 
in that it comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on tiie body; a body 
motion detecting means for detecting body motion waveforms expressing motion of tiie body; a tody motion component 
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removing means for generating the body motion components In the pulse waveform based on the body motion wave- 
form, removing the body motion components from the pulse waveform, and generating a pulse waveform from which 
body motion conponents have been removed; a heart rate detecting means for detecting the t>ody's heart rate; an ejec- 
tion duration detecting means for detecting the ejection duration of the heart based on the pulse waveform from which 
5 body motion components have been removed; and a cardiac output calculating means for calculating cardiac output 
based on the heart rate and the pulse waveform from which body motion components have been removed during the 
ejection duration of the heart. 

[0075] The sixty-second aspect of the present invention relates to an exercise intensity detecting device, character- 
ized in that it comprises a determining means for determining whether or not body motion is present based on the body 
10 motion waveform detected by the body motion detecting means; wherein the body motion component removing means 
suspends the operation to remove body motion components when the result of the determination by the determining 
means indicates that body motion is not present, and outputs the pulse waveform in place of a pulse waveform from 
which body motion components have been removed. 

[0076] The sixty-third aspect of the present invention relates to an exercise intensity detecting device, characterized 
15 in that the heart rate detecting means obtains the heart rate based on the periodicity of an electrocardiogram of the 
heart or the periodicity of the pulse waveform from which body motion components have been removed. 
[0077] The sixty-forth aspect of the present invention relates to an exercise intensity detecting device, characterized 
In that the heart rate detecting means performs frequency analysis on the electrocardiogram of the heart or the pulse 
waveform from which body nfx>tion components have been removed, and determines the heart rate based on the results 
20 of this analysis. 

[0078] The sixty-fifth aspect of the present invention relates to an exercise intensity detecting device, characterized 
in that the ejection duration detecting means detects each peak in the pulse waveform from which body motfon compo- 
nents have been removed, and detects the ejection duration by specifying the negative or minimum peaks which are 
the first or second peaks to appear after a maximum peak. 

26 [0079] The sixty-sixth aspect of the present invention relates to an exercise intensity detecting device, characterized 
in that it comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on the body; a body 
motion detecting means for detecting body motion waveforms expressing motion of the body; a body motion component 
removing means for generating the body motion components in the pulse waveform based on ttie body motion wave- 
form, removing the body motion components from the pulse waveform, and generating a pulse waveform from which 

30 body motion components have been removed; a wavelet transforming means for performing wavelet transformation on 
the pulse waveform from which body motion components have been removed, and generating in each frequency region 
analyzed pulse wave data from which body motion components have been removed; a heart rate detecting means for 
detecting the heart rate based on analyzed pulse wave data from which body motion components have been removed; 
an ejection duration detecting means for detecting the ejection duration of the heart based on analyzed pulse wave data 

35 from which body motion components have been removed; and a cardiac output calculating means for calculating car- 
diac output based on the heart rate and the pulse waveform from which body motion components have been removed 
during the ejection duration of tiie heart. 

[0080] The sixty-seventh aspect of the present invention relates to an exercise intensity detecting device, character- 
ized in that it comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on the body; 
40 a body motion detecting means for detecting body motion waveforms expressing motion of tiie body; a body motion 
component removing means for generating the body motion components in the pulse waveform based on tiie body 
motion waveform, removing tiie body motion components from tiie pulse waveform, and generating a pulse waveform 
from which body motion components have been removed; a body motion component removing means for performing 
wavelet transformation on the pulse waveform from which body motion components have been removed, and generat- 
es ing in each frequency region analyzed pulse wave data from which body motion components have been removed; a fre- 
quency oon-ecting means for connecting analyzed pulse wave data from which body motion components have been 
removed by normalizing tiie power at each frequency based on each corresponding bandwidth in the frequency region, 
and generating corrected pulse wave data; a heart rate detecting means for detecting the heart rate k>ased on the cor- 
rected pulse wave data; an ejection duration detecting means for detecting the ejection duration of the heart based on 
50 corrected pulse wave data; and a cardiac output calculating means for calculating cardiac output based on tiie heart 
rate and tiie pulse waveform from which body motion components have been removed during tiie ejection duration of 
the heart. 

[0081 ] The sixty-eighth aspect of tiie present invention relates to an exercise intensity detecting device, characterized 
in that it comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on the body; a first 
55 wavelet transforming means for performing wavelet ta'ansformation on the pulse waveform, and generating analyzed 
pulse wave data in each frequency region; a body motion detecting means for detecting body motion waveforms 
expressing motion of the kxxiy; a second wavelet transforming means for performing wavelet fransformatlon on the 
body motion waveform, and generating analyzed body motion data in each frequency region; a body motion component 
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removing means for subtracting the analyzed txxly motion data from the analyzed pulse wave data, and generating 
analyzed pulse wave data from which body motion components have been removed; a heart rate detecting means for 
detecting the heart rate based on analyzed pulse wave data from which body motion components have been removed; 
an ejection duration detecting means for detecting the ejection duration of the heart based on analyzed pulse wave data 
from which body motion components have been removed; and a cardiac output calculating means for calculating car- 
diac output based on the heart rate and the result obtained by adding the analyzed pulse wave data from which body 
motion components have been removed over each frequency region during tfie ejection duration of the heart. 
[0082] The sixty-ninth aspect of the present invention relates to an exercise intensity detecting device, characterized 
in that it comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on the body; a first 
wavelet transforming means for performing wavelet transformation on tiie pulse waveform, and generating analyzed 
pulse wave data in each frequency region; a first frequency correcting means for correcting analyzed pulse wave data 
by normalizing the power at each frequency based on each con^esponding bandwidth in the frequency regions, and 
generating corrected analyzed pulse wave data: a body motion detecting means for detecting body motion waveforms 
expressing the motion of the body; a second wavelet transforming means for performing wavelet transformation on the 
body motion waveform, and generating analyzed body motion data in each frequency region; a second frequency cor- 
recting means for correcting analyzed body motion data by normalizing the power at each frequency based on each 
corresponding bandwidth in the frequency regions, and generating con-ected analyzed body motion data; a body 
motion component removing means for subtracting the con'ected analyzed body motion data from the con'ected ana- 
lyzed pulse wave data, and generating analyzed pulse wave data from which body motion components have been 
removed; a heart rate detecting means for detecting the heart rate based on analyzed pulse wave data from which body 
motion components have been removed; an ejection duration detecting means for detecting the ejection duration of the 
heart based on analyzed pulse wave data from which body motion components have been removed; and a cardiac out- 
put calculating means for calculating cardiac output based on the heart rate and the result obtained by adding the ana- 
lyzed pulse wave data from which body motion components have been removed in each frequency region during tiie 
ejection duration of the heart. 

[0083] The seventieth aspect of the present invention relates to an exercise intensity detecting device, characterized 
in that ttie first and second wavelet transforming means perform wavelet transfbmfiatlon in synchronization. 
[0084] The seventy-first aspect of the present invention relates to an exercise intensity detecting device, characterized 
in that it comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on tiie body; a 
wavelet transforming means for performing wavelet transformation on the pulse waveform detected by the pulse wave 
detecting means, and generating analyzed pulse wave data in each frequency region; a body motion component 
removing means for removing frequency components con-esponding to body motion defined in advance from the ana- 
lyzed pulse wave data, and generating analyzed pulse wave data from which body motion components have been 
removed; a heart rate detecting means for detecting the heart rate based on analyzed pulse wave data from which txxJy 
motion components have been removed; an ejection duration detecting means for detecting tiie ejection duration of the 
heart based on analyzed pulse wave data from which body motion components have been removed; and a cardiac out- 
put calculating means for calculating cardiac output based on tiie heart rate and the result obtained by adding the ana- 
lyzed pulse wave data from which body motion components have been removed in each frequency region during the 
ejection duration of the heart. 

[0085] The seventy-second aspect of the present invention relates to an exercise intensity detecting device, charac- 
terized in that it comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on tiie body; 
a wavelet transforming means for performing wavelet transformation on tiie pulse waveform detected by tiie pulse wave 
detecting means, and generating analyzed pulse wave data In each frequency region; a body motion component 
removing means for removing frequency components corresponding to Ixxly motion defined in advance from among 
the analyzed pulse wave data, and generating analyzed pulse wave data from which body motion components have 
been removed; a frequency connecting means for correcting analyzed pulse wave data from which body motion compo- 
nents have been removed by normalizing tiie power at each frequency based on each corresponding t)andwidth in the 
frequency regions, and generating connected analyzed pulse wave data; a heart rate detecting means for detecting tiie 
heart rate based on corrected analyzed pulse wave data; an ejection duration detecting means for detecting the ejection 
duration of the heart based on corrected analyzed pulse wave data; and a cardiac output calculating means for calcu- 
lating cardiac output based on the heart rate and the result obtained by adding the analyzed pulse wave data from 
which t>ody motion components have been removed in each frequency region during the ejection duration of the heart. 
[0086] The seventy-tiiird aspect of the present invention relates to an exercise intensity detecting device, character- 
ized in that it comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on tiie body; 
a wavelet transforming means for performing wavelet ti-ansformation on the pulse waveform detected by the pulse wave 
detecting means, and generating analyzed pulse wave data in each frequency region; a body motion component 
removing means for removing frequency components con-esponding to IxxJy motion defined in advance from the ana- 
lyzed pulse wave data, and generating analyzed pulse wave data from which body motion components have been 
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removed: an inverse wavelet transforming means for performing inverse wavelet transformation on the analyzed pulse 
wave data from which body motfon components have been removed, and generating a pulse waveform from which 
body motion components have been removed; a heart rate detecting means for detecting the heart rate based on the 
pulse waveform from which body motion components have been removed: an ejection duration detecting means for 

5 detecting the ejection duration of the heart based on the pulse waveform from which body motion components have 
been removed; and a cardiac output calculating means for calculating cardiac output based on the heart rate and the 
pulse waveform from which body motion components have be«i removed during the ejection duration of the heart. 
[0087] The seventy-fourth aspect of the present Invention relates to an exercise Intensity detecting device, character- 
ized in that the cardiac output calculating means calculates the area corresponding to the ejection duration of the heart 

10 under the pulse waveform from which body motion components have been removed, by integrating the pulse waveform 
from which body motion components have been removed during the ejection duration of the heart and calculates the 
cardiac output based on this area. 

[0088] The seventy-f rfth aspect of the present invention relates to an exercise intensity detecting device, characterized 
in that the cardiac output calculating means calculates the area conresponding to the ejection duration of the heart 
IS under the pulse waveform from which body motion components have been removed, based on each peak value in the 
pulse waveform from which body motion components have been removed during the ejection duration of the heart, and 
calculates the cardiac output based on this area. 

[0069] The seventy-sixth aspect of the present Invention relates to an exercise Intensity detecting device, character- 
ized in that It comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on tiie body; 

20 a heart rate detecting means for detecting the body's heart rate; an ejection duration detecting means for detecting the 
ejection duration of the heart based on the pulse waveform; a recording means for recording in advance the stroke vol- 
ume per beat con-espondlng to the heart rate and the ejection duration of the heart; and a cardiac output calculating 
means for reading out the stroke volume per beat from the recording means based on the ejection duration of the heart 
detected by tiie ejection duration detecting means and the heart rate detected by the heart rate detecting means, and 

25 calculating the cardiac output by multiplying the stroke volume per beat and the heart rate. 

[0090] The seventy-seventh aspect of the present invention relates to an exercise Intensity detecting device, charac- 
terized In that It comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on the body; 
a heart rate detecting means for detecting the heart rate; an ejection duration detecting means for detecting tiie ejection 
duration of the heart based on the pulse waveform; and a cardiac output calculating means for calculating the area 

30 under the pulse waveform corresponding to tiie ejection duration of the heart based on each peak value of the pulse 
waveform during the ejection duration of the heart, and calculating the cardiac output based on ttiis area. 
[0091 ] The seventy-eighth aspect of the present invention relates to an exercise intensity detecting device, character- 
ized in that It comprises a recording means for recording as a correction coefficient tiie ratio between a reference car- 
diac output measured by a reference device and the cardiac output measured by the cardiac output calculating means; 

35 and a multiplying means for multiplying the correction coefficient read out from the recording means and tiie cardiac 
output calculated by the cardiac output calculating means, and outputting the multiplied result as the cardiac output. 
[0092] The seventy-ninth aspect of the present invention relates to a cardiac function diagnosing device provided witii 
a cardiac output detecting device, characterized In tiiat It comprises a notifying means for notifying tine subject of the 
cardiac output detected by the cardiac output detecting device. 

40 [0093] The eightieth aspect of the present invention relates to a cardiac function diagnosing device provided with a 
cardiac output detecting device, characterized in tiiat the cardiac function diagnosing device is provkied with an evalu- 
ating means for comparing tiie cardiac output detected by the cardiac output detecting device and various threshold val- 
ues, and generating an evaluation Index; and a notifying means for notifying the subject of the evaluation index 
generated by the evaluating means. 

45 [0094] The eighty-first aspect of tiie present Invention is a cardiac function diagnosing device provided with a cardiac 
output detecting device, characterized in that the evaluating means Is provkied with a changing member for changing 
the threshold values In accordance with the heart rate detected by the heart rate detecting means. 
[0095] The eighty-second aspect of the present Invention is a cardiac function diagnosing device provided with a car- 
diac output detecting device, characterized in that tiie evaluating means is provided with an inputting member for input- 
so ting parameters for calculating tiie surface area of ttie subject's body; a calculator for calculating the body surface area 
based on the Input parameters: and a changing member fa changing each of tiie tiireshold values based on the calcu- 
lated body surface area. 

[0096] The eighty-third aspect of the present invention relates to a cardiac output detecting metiiod. characterized in 
that it comprises a first step in which a pulse waveform is detected at a detection site on tiie body; a second step in 
55 which body motion waveforms expressing motion of tiie body are detected; a third step in which the body motion com- 
ponents In the pulse waveform are generated based on the body motion waveform; a forth step In which body motion 
components are removed from the pulse waveform and a pulse waveform from which body motion components have 
been removed is generated; a fifth step in which the heart rate is detected; a sixtti step In which tiie ejection duration of 
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the heart is detected based on the pulse waveform from which body motion conponents have been removed; and a 
seventh step in which cardiac output Is calculated based on the ejection duration of the heart and the heart rate. 
[0097] The eighty-fourth aspect of the present invention is a cardiac output detecting method, characterized in that it 
comprises a step in which cardiac output is calculated based on the heart rate and the pulse waveform from which body 

5 motion components have been removed during the ejection duration of the heart, in place of the seventh step. 

[0098] The eighty-fifth aspect of the present invention is a cardiac output detecting method, characterized in that it 
comprises a first step in which a pulse waveform is detected at a detection site on the body; a second step in which 
body motion waveforms expressing motion of the body are detected; a third step in which the body motion components 
in the pulse waveform are generated based on the body motion wavefbmi; a forth step in which body motion compo- 

10 nents are removed from the pulse waveform, and a pulse waveform from which body motion components have been 
removed is generated; a fifth step in which wavelet transformation is performed on tiie pulse waveform from which body 
motion components have been removed, and analyzed pulse wave data from which body motion components have 
been removed is generated in each frequency region; a sixth step in which the heart rate is detected based on analyzed 
pulse wave data from which body motion components have been removed; a seventh step in which the ejection duration 

IS of the heart is detected based on tiie analyzed pulse wave data from which body motion components have been 
removed; and an eighth step in which cardiac output is calculated based on tiie heart rate and tiie pulse waveform from 
which body motion components have been removed during tiie ejection duration of the heart. 
[0099] The eighty-sixth aspect of the present invention is a cardiac output detecting method, characterized in that it 
comprises a first step in which a pulse waveform is detected at a detection site on tiie body; a second step in which 

20 body motion waveforms expressing motion of tiie body are detected; a tiiird step in which the body motion components 
in the pulse waveform are generated based on the body motion waveform; a forth step in which body motion compo- 
nents are removed from tiie pulse waveform, and a pulse waveform from which body motion components have been 
removed is generated; a fiftii step in which wavelet transformation is performed on the pulse waveform from which body 
motion components have been removed, and analyzed pulse wave data from which body motion components have 

25 been removed is generated in each frequency; a sixth step in which analyzed pulse wave data from which body motion 
components have been removed is corrected by normalizing the power at each frequency based on each con-espond- 
ing bandwidtii in the frequency regions, and con^ected pulse wave data is generated; a seventh step in which ttie heart 
rate is detected based on corrected pulse wave data: an eighth step in which ttie ejection duration of tiie heart is 
detected based on tiie corrected pulse wave data; and an eighth step in which cardiac output is calculated based on 

30 the heart rate and the pulse waveform from which body motion components have been removed during the ejection 
duration of the heart. 

[0100] The eighty-seventh aspect of tiie present invention relates to a cardiac output detecting metiiod. characterized 
in that it comprises a first step in which a pulse waveform is detected at a detection site on tiie body; a second step in 
which wavelet transformation is performed on tiie pulse waveform, and analyzed pulse wave data is generated in each 

35 frequency region; a third step in which body motion waveforms expressing motion of tiie body are detected; a fourth 
step in which wavelet transformation is performed on the body motion waveform, and analyzed body motion data is gen- 
erated in each frequency region; a fifth step in which analyzed body motion data is subtracted from analyzed pulse 
wave data, and analyzed pulse wave data from which body motion components have been renxived is generated; a 
sixtii step in which tiie heart rate is detected based on the analyzed pulse wave data from which body motion compo- 

40 nents have been removed; a seventh step In which the ejection duration of tiie heart is detected based on ttie analyzed 
pulse wave data from which body motion components have been removed; and an eighth step in which cardiac output 
is calculated based on heart rate and the result obtained by adding the analyzed pulse wave data from which body 
motion components have been removed in each frequency region during tiie ejection duration of the heart. 
[0101 ] The eighty-etghtti aspect of tiie present invention relates to a cardiac output detecting method, characterized 

45 in that it comprises a first step in which a pulse waveform is detected at a detection site on tiie body; a second step in 
which wavelet transformation is performed on tiie pulse waveform, and analyzed pulse wave data Is generated in each 
frequency region; a third step in which analyzed pulse wave data is corrected by normalizing the power at each fre- 
quency based on each corresponding bandwidth in the frequency regions, and corrected analyzed pulse wave data is 
generated; a fourtti step in which body motion waveforms expressing motion of the body are detected; a fiftti step in 

so which wavelet ti-ansformation is performed on ttie body motion waveform, and analyzed body motion data is generated 
in each frequency region; a sixtti step in which analyzed body motion data is connected by normalizing tiie power at each 
frequency based on each corresponding bandwidth in the frequency regions, and connected analyzed body motion data 
is generated; a seventti step in which corrected analyzed body motion data is subtracted from corrected analyzed pulse 
wave data, and analyzed pulse wave data from which body motion components have been removed is generated; an 

ss eighth step in which tiie heart rate is detected based on the analyzed pulse wave data from which body motion compo- 
nents have been removed; a ninth step in which ttie ejection duration of the heart is detected based on the analyzed 
pulse wave data from which body motion components have been removed; and a tenth step in which cardiac output is 
calculated based on the heart rate and tiie result obtained by adding ttie analyzed pulse wave data from which body 
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motion components have been removed In each frequency region during the ejection duration of the heart. 
[0102] The eighty-ninth aspect of the present invention is a cardiac output detecting method, characterized in that it 
comprises a first step in which a pulse waveform is detected at a detection site on the body; a second step in which 
wavelet transformation is performed on the pulse waveform, and analyzed puise wave data in each frequency region is 

5 generated; a third step in which frequency components conresponding to body motion defined in advance are removed 
from the analyzed pulse wave data, and analyzed pulse wave data from which body motion components have been 
removed is generated; a fourth step In which the heart rate is detected based on analyzed pulse wave data from which 
body motion components have been removed; a fifth step In which the ejection duration of the heart is detected based 
on the analyzed pulse wave data from which body motion components have been removed; and a sixth step in which 

10 cardiac output is calculated based on the heart rate and the result obtained by adding the analyzed pulse wave data 
from which body motion components have been removed in each frequency region during the ejection duration of the 
heart. 

[01 03] TTie ninetieth aspect of the present invention Is a cardiac output detecting method, characterized in that it com- 
prises a first step in which a puise waveform is detected at a detection site on the body: a second step in which wavelet 

15 transfornnation is performed on the pulse waveform, and analyzed pulse wave data in each frequency region is gener- 
ated; a third step In which frequency components corresponding to body motion defined In advance are removed from 
the analyzed pulse wave data, and analyzed pulse wave data from which body motion contponents have been removed 
is generated; a fourth step in which analyzed pulse wave data from which body motion components have been removed 
is connected by normalizing the power at each frequency based on each corresponding bandwidth in the frequency 

20 regions, and corrected analyzed pulse wave data is generated; a fifth step in which the heart rate Is detected based on 
the corrected analyzed pulse wave data; a sixth step in which the ejection duration of the heart is detected based on 
the corrected analyzed pulse wave data; and a seventh step in which the cardiac output is calculated based on the heart 
rate and the result obtained by adding the analyzed pulse wave data from which body nnotion components have been 
removed in each frequency region during the ejection duration of the heart. 

25 [0104] The ninety-first aspect of the present invention is a cardiac output detecting method, characterized in that it 
comprises a first step in which a pulse waveform is detected at a detection site on the body; a second step In which 
wavelet transformation is performed on the pulse waveform to generate analyzed pulse wave data in each frequency 
region; a third step In which frequency components corresponding to body motion defined in advance are removed from 
the analyzed pulse wave data, and analyzed pulse wave data from which body motion components have been removed 

30 is generated; a fourth step in which inverse wavelet transformation Is performed on the analyzed pulse wave data from 
which body motion components have been removed, and a pulse waveform from which body motion components have 
been removed is generated; a fifth step in which the heart rate is detected based on the pulse waveform from which 
body motion components have been removed; a sixth step in which the ejection duration of the heart is detected based 
on the pulse waveform from which body motion components have been removed; and a seventh step in which the car- 

35 diac output is calculated based on heart rate and the pulse waveform from which body motion components have been 
removed during the ejection duration of the heart. 

[0105] The ninety-second aspect of the present invention is a cardiac output detecting method, characterized in that 
it comprises a first step in which a pulse waveform is detected at a detection site on the body; a second step in which 
the heart rate is detected; a third step in which the ejection duration of the heart is detected based on the pulse wave- 
40 form; a fourth step In which a stroke volume per beat associated with the ejection duration of the heart and heart rate 
is recorded in advance; a fifth step in which the stroke volume per beat recorded in the fourth step is read out from the 
memory contents based on the detected ejection duration and the detected heart rate; and a sixth step in which the car- 
diac output is calculated by multiplying the stroke volume per beat and the heart rate. 

[0106] The ninety-third aspect of the present invention Is a cardiac output detecting method, characterized in that it 
45 comprises a first step in which a pulse waveform is detected at a detection site on the body; a second step in which the 
heart rate is detected; a third step in which the ejection duration of the heart is detected based on the pulse waveform; 
a fourth step in which the area under the pulse waveform which con^esponds to the ejection duration of the heart is cal- 
culated k>ased on each of the peak values of the pulse waveform during the ejection duration of the heart; and a fifth 
step in which cardiac output is calculated based on the results of calculations in the fourth step. 
50 [01 07] The ninety-fourth aspect of the present invention is a cardiac function measuring metiiod for measuring cardiac 
f unctfon based on the cardiac output detected by the cardiac output detecting method, characterized in that It comprises 
a step in which the cardiac output is compared with each of the tiireshold values and an evaluation index is generated, 
and a step in which the subject is informed of the evaluation Index. 

[0108] The ninety-fifth aspect of tiie present invention relates to a stroke-volume-per-beat detecting device, charac- 
55 terized in that it comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on the body; 
a body motion detecting means for detecting body motion waveforms expressing tiie motion of the body; a body nrKstion 
component removing means for generating tiie body motion components in the pulse waveform based on the body 
motion waveform, removing the body motion components from the pulse waveform, and generating a pulse waveform 
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from which body motion components have been removed; an ejection duration detecting means for detecting the ejec- 
tion duration of the heart based on the pulse waveform from which body motion components have been removed; a 
heart beat interval calculating means for calculating the heart beat interval based on the pulse waveform from which 
body motion components have been removed; and a stroke-volume-per-beat calculating means for calculating the 

5 stroke volume per beat based on the ejection duration of the heart and the heart beat interval. 

[0109] The ninety-sixth aspect of the present invention relates to a stroke-volume-p^-beat detecting device, charac- 
terized in that it comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on the body; 
a body motion detecting means for detecting body motion waveforms expressing the motion of the t>ody; a body motion 
component removing means for generating the body motion components in the pulse waveform based on the body 

10 motion waveform, removing the body motion components from the pulse waveform, and generating a pulse waveform 
from which body motion components have been removed; an ejection duration detecting mear^ for detecting the ejec- 
tion duration of the heart based on the pulse waveform from which body motion components have been removed; and 
a stroKe-volume-per-beat calculating means for calculating the stroke volume per beat based on the pulse waveform 
from which body motion components have been removed during the ejection duration of the heart. 

15 [01 1 0] The ninety-seventh aspect of the present invention relates to a stroke-volume-per-beat detecting device, char- 
acterized in that it comprises a determining means for determining whether or not body motion is present based on the 
body motion waveform detected by the body motion detecting means; wherein the k>ody motion component removing 
means suspends the operation to remove txxJy motion components when the results of the determination by the deter- 
mining means indicate that body motion is not present, and outputs the pulse waveform in place of a pulse waveform 

20 from which body motion components have been removed. 

[Oil 1 ] The ninety-eighth aspect of the present invention relates to a stroke-volume-per-beat detecting device, char- 
acterized in that the ejection duration detecting means detects each peak in the pulse waveform from which body 
motion components have been removed, and detects the ejection duration by specifying the negative or minimum 
peaks which are the first or second peaks to appear after a maximum peak. 

25 [01 1 2] The ninety-ninth aspect of the present invention relates to a stroke-volume-per-beat detecting device, charac- 
terized in that it comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on the body; 
a body motion detecting means for detecting body motion waveforms expressing the motion of the body; a body motion 
component removing means for generating the body motion components in the pulse waveform based on the body 
motion waveform, removing the body motion components from the pulse waveform, and generating a pulse waveform 

30 from which body motion components have been removed; a wavelet transforming means for performing wavelet trans- 
formation on the pulse waveform from which body motion components have been removed, and generating in each fre- 
quency region analyzed pulse wave data from which body motion components have been removed; an ejection duration 
detecting means for detecting the ejection duration of the heart based on the analyzed pulse wave data from which 
body motion components have been removed; and a stroke-volume-per-beat calculating means for calculating the 

35 stroke volume per beat based on the pulse waveform from which body motion components have been removed during 
the ejection duration of the heart. 

[01 1 3] Tlie one hundredth aspect of the present invention relates to a stroke-volume-per-beat detecting means, char- 
acterized in that it comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on the 
body; a body motion detecting means for detecting body motion waveforms expressing the motion of the body; a body 

40 motion component removing means for generating the body motion components in the pulse waveform based on the 
body motion waveform, removing the body motion components from the pulse wavefomi, and generating a pulse wave- 
form from which body motfon components have been removed; a body motion component removing means for perform- 
ing wavelet transformation on the pulse waveform from which body motion components have been removed, and 
generating in each frequency region analyzed pulse wave data from which body motion components have been 

45 removed; a frequency correcting means for correcting analyzed pulse wave data from which body motion components 
have been removed by normalizing the power at each frequency based on each con^esponding bandwidth in the fre- 
quency regions, and generating corrected pulse wave data; an ejection duration detecting means for detecting the ejec- 
tion duration of the heart based on corrected pulse wave data; and a stroke-volume-per-beat calculating means for 
calculating the stroke volume per beat based on the pulse waveform from which body motion components have been 

50 removed during the ejection duration of the heart. 

[0114] The one hundred-first aspect of the present invention relates to a stroke-volume-per-beat detecting device, 
characterized in that it comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on 
the body: a first wavelet transforming means for performing wavelet transformation on the pulse waveform, and gener- 
ating analyzed pulse wave data in each frequency region; a body motion detecting means for detecting body motion 

55 waveforms expressing the motion of the body; a second wavelet transforming means for performing wavelet transfor- 
mation on the body motion waveform, and generating analyzed body motion data in each frequency region; a body 
motion component removing means for subtracting analyzed kxxJy motion data from the analyzed pulse wave data, and 
generating analyzed pulse wave data from which body motion components have been removed; an ejection duration 
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detecting means for detecting the ejection duration of the heart based on analyzed pulse wave data from which body 
motion components have been removed: and a stroke-volume-per-beat calculating means for calculating the stroke vol- 
ume per beat based on the result obtained by adding the analyzed pulse wave data from which body motion compo- 
nents have been removed in each frequency region during the ejection duration of the heart. 

5 [01 1 5] The one hundred-second aspect of the present invention relates to a stroke-volume-per-beat detecting device, 
characterized in that it comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on 
the body; a first wavelet transforming means for performing wavelet transformation on the pulse waveform, and gener- 
ating analyzed pulse wave data in each frequency region; a first frequency correcting means for con-ecting analyzed 
pulse wave data by normalizing the power at each frequency based on each conresponding bandwidth in the frequency 

10 regions, and generating corrected analyzed pulse wave data; a body motion detecting means for detecting body motion 
waveforms expressing the motion of the body; a second wavelet transforming means for performing wavelet transfor- 
mation on the body motion waveform, and generating analyzed body motion data in each frequency region; a second 
frequency correcting means for correcting analyzed body motion data by normalizing the power at each frequency 
based on each corresponding bandwidth in the frequency regions, and generating connected analyzed body motion 

15 data; a body motion component removing means for subtracting the con-ected analyzed body motion data from the cor- 
rected analyzed pulse wave data, and generating analyzed pulse wave data from which k>ody motion components have 
been removed; an ejection duration detecting means for detecting the ejection duration of the heart based on analyzed 
pulse wave data from which body motton components have been removed; and a stroke-volume-per-beat calculating 
means for calculating the stroke volume per beat based on the result obtained by adding the analyzed pulse wave data 

20 from which body motion conponents have been removed in each frequency region during the ejection duration of the 
heart. 

[0116] The one hundred-third aspect of the present invention relates to a stroke-volume-per-beat detecting device, 
characterized in that the first and second wavelet transforming means perform wavelet transformation in synchroniza- 
tion. 

2S [0117] The one hundred-forth aspect of the present invention relates to a stroke-volume-per-beat detecting device, 
characterized in that It comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on 
the body; a wavelet transforming means for performing wavelet transformation on the pulse waveform detected by the 
pulse wave detecting means, and generating analyzed pulse wave data in each frequency region; a body motion com- 
ponent removing means for removing frequency components corresponding to body motion defined in advance from 

30 the analyzed pulse wave data, and generating analyzed pulse wave data from which body motion components have 
been removed; an ejection duration detecting means for detecting the ejection duration of the heart based on the ana- 
lyzed pulse wave data from which body motion components have been removed; and a stroke-volume-per-beat calcu- 
lating means for calculatirig stroke volume per beat based on the result obtained by adding the analyzed pulse wave 
data from which body motion components have been removed in each frequency regions during the ejection duration 

35 of the heart. 

[0118] The one hundred-fifth aspect of the present invention relates to a stroke-volume-per-beat detecting means, 
characterized in that it comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on 
the body; a wavelet transforming means for performing wavelet transformation on the pulse waveform detected by the 
pulse wave detecting means, and generating analyzed pulse wave data in each frequency region; a body motion com- 

40 ponent removing means for removing frequency components conesponding to body motion defined in advance from 
the analyzed pulse wave data, and generating analyzed pulse wave data from which body motion components have 
been removed; a frequency conrecting means tor conrecting analyzed pulse wave data from which body motion compo- 
nents have been removed by nomializing the power at each frequency based on each conresponding bandwidth in the 
frequency regions, and generating correaed analyzed pulse wave data; an ejection duration detecting means for 

45 detecting the ejection duration of the heart based on corrected analyzed pulse wave data; and a stroke-volume-per- 
beat calculating means for calculating stroke volume per beat based on the result obtained by adding the corrected ana- 
lyzed pulse wave data in each frequency region during the ejection duration of the heart 

[0119] The one hundred-sixth aspect of the present invention relates to a stroke-volume-per-beat detecting device, 
characterized in that it comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on 

50 the body; a wavelet transforming means for performing wavelet transformation on the pulse waveform detected by the 
pulse wave detecting means, and generating analyzed pulse wave data in each frequency region; a body motion com- 
ponent removing means for removing the frequency component corresponding to body motion defined in advance from 
the analyzed pulse wave data, and generating analyzed pulse wave data from which body motion components have 
been removed; an inverse wavelet transforming means for performing inverse wavelet transformation on the analyzed 

55 pulse wave data from which body motion components have been removed, and generating a pulse waveform from 
which body motion components have been removed; an ejection duration detecting means for detecting the ejection 
duration of the heart based on the pulse waveform from which body motion components have been removed; and a 
stroke-volume-per-beat calculating means for calculating tiie stroke volume per beat based on the pulse waveform from 
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which body motion components have been removed during the ejection duration of the heart. 
[01 20] The one hundred-seventh aspect of the present invention relates to a stroke-volume-per-beat detecting device, 
characterized in that the stroke-volume-per-beat calculating means calculates the area corresponding to the ejection 
duration of the heart under the pulse waveform from which body motion components have been removed, by integrating 
5 the pulse waveform from which body motion components have been removed during the ejection duration of the heart, 
and calculates the stroke volume per beat based on this area. 

[0121 ] The one hundred-eighth aspect of the present invention relates to a stroke-volume-per-beat detecting device, 
characterized in that the stroke-volume-per-beat calculating means calculates the area corresponding to the ejection 
duration of the heart under the pulse waveform from which body motion components have been removed, based on 
10 each peak value in the pulse waveform from which body motion components have been removed during the ejection 
duration of the heart, and calculates tfie stroke volume per beat based on this area. 

[0122] The one hundred-ninth aspect of the present invention relates to a stroke-volume-per-beat detecting device, 
characterized in that it comprises a pulse wave detecting means for detecting a pulse waveform at a detection site on 
the body: a heart rate detecting means for detecting the bod/s heart rate; an ejection duration detecting means for 

IS detecting the ejection duration of the heart based on the pulse waveform; a recording means for recording in advance 
a stroke volume per beat associated with tiie body's heart rate and the ejection duration of the heart; and a stroke-vol- 

^ . ume-per-beat calculating means for calculating the stroke volume per beat by reading out the stroke volume per beat 
from the recording means based on the ejection duration of tiie heart detected by tiie ejection duration detecting means 
and the heart rate detected by the heart rate detecting means. 

20 [0123] The one hundred-tentti aspect of the present invention is characterized in that it comprises a pulse wave 
detecting means for detecting a pulse waveform at a detection site on tiie body; a heart rate detecting means for detect- 
ing tiie heart rate; an ejection duration detecting means for detecting ttie ejection duration of the heart based on the 
pulse waveform; and a stroke-volume-per-beat calculating means for calculating the area under the pulse waveform 
corresponding to tiie ejection duration of the heart, based on each of tiie peak values of the pulse waveform during tiie 

25 ejection duration of the heart, and calculating the stroke volume per beat based on this area. 

[0124] The one hundred-eleventh aspect of tiie present invention relates to a stroke-volume-per-beat detecting 
device, characterized in tiiat it comprises a correction coefficient calculating means for calculating the ratio between a 
reference stroke volume per beat measured by a reference device and tiie stroke volume per beat measured by tiie 
stroke-volume-per-beat calculating means, as a correction coefficient; a recording means for recording the correction 

30 coefficient is association with the heart rate; and a multiplying means for reading out the correction coefficient in accord- 
ance with the heart rate from tiie recording means, multiplying the read out correction coefficient with the stroke volume 
per beat calculated by the stroke-volume-per-beat calculating means, and outputting tiie multiplied result as the stroke 
volume per beat. 

[0125] The one hundred-twelfth aspect of the present invention is a cardiac function diagnosing device provided witii 
35 a stroke-volume-per-beat detecting device, characterized in that it comprises a notifying means for notifying tiie subject 
of the stroke volume detected by the stroke-volume-per-beat detecting device. 

[0126] The one hundred-tiiirteenth aspect of tiie present invention is a cardiac function diagnosing device equipped 
with a stroke-volume-per-beat detecting device, characterized in tiiat it comprises an evaluating means for comparing 
the stroke volume per beat detected by the stroke-volume-per-beat detecting device witfi various threshold values, and 
40 generating an evaluation index; and a notifying means for notifying tiie subject of the evaluation index generated by tiie 
evaluating means. 

[0127] The one hundred-fourteentii aspect of the present invention is a cardiac function diagnosing device provided 
with a sti'oke-volume-per-beat detecting device, characterized in that it comprises a rate-of-change calculating member 
for calculating tiie rate of change in ttie stroke volume per beat; an evaluating means for comparing the rate of change 
45 in the stroke volume per beat witii various threshold values, and generating an evaluation index; and a notifying means 
for notifying the subject of the evaluation index generated by tiie evaluating means. 

[01 28] The one hundred-fifteenth aspect of ttie present invention is a cardiac function diagnosing device provided with 
a stiroke-volume-per-beat detecting device, characterized in that the evaluating means is provided with a changing 
member for changing tiie threshold values in accordance with the heart rate. 

50 [0129] The one hundred-sixteentii aspect of the present invention is a cardiac function evaluating device provided witii 
a stroke-volume-per-beat detecting device, characterized in tiiat tiie evaluating means is provided with an inputting 
member for inputting parameters for calculating the surface area of tiie subject's body; a calculator for calculating tiie 
body surfece area based on the Input parameters; and a changing member for changing each of the threshold values 
based on tiie calculated body surface area. 

55 [0130] The one hundred-seventeenth aspect of the present invention relates to a sti^oke-volume-per-beat detecting 
method, characterized in tiiat it comprises a first step in which a pulse waveform is detected at a detection site on the 
body; a second step in which body motion waveforms expressing motion of ttie body are detected; a third step in which 
the body motion components in the pulse waveform are generated based on ttie body motion waveform; a fortii step in 
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which the body motion components are removed from the pulse waveform, and a pulse waveform from which body 
motion components have been removed is generated; a fifth step in which the ejection duration of the heart is detected 
based on the pulse waveform from which body motion components have been removed; a sixth step in which the pulse 
Interval is calculated based on the pulse waveform from which body motion components have been removed; and a 
5 seventh step in which the stroke volume per beat is calculated based on the pulse interval and the ejection duration of 
the heart. 

[0131] The one hundred-eighteenth aspect of the present invention relates to a stroke-volume-per-beat detecting 
method, characterized in that it comprises a first step in which a pulse waveform is detected at a detection site on the 
body; a second step in which body motion waveforms expressing motion of the body are detected; a third step in which 

10 the body motion components in the pulse waveform are generated based on the body motion waveform; a forth st^ in 
which the body motion components are removed from the pulse waveform, and a pulse waveform from which body 
motion components have been renrx)ved is generated; a fifth step in which the ejection duration of the heart is detected 
based on the pulse waveform from which body motion conponents have been removed; and a sixth step in which the 
stroke volume per beat is calculated based on the pulse waveform from which body motion components have been 

IS removed during the ejection duration of the heart. 

[0132] The one hundred-nineteenth aspect of the present invention relates to a stroke-volume-per-beat detecting 
method, characterized in that it comprises a first step in which a pulse waveform is detected at a detection site on the 
body; a second step in which body motion waveforms expressing motion of the body are detected; a third step in which 
the body motion components in the pulse waveform are generated based on the body motion waveform; a forth step in 

20 which the body motion components are removed from the pulse waveform, and a pulse waveform from which body 
motion components have been removed is generated; a fifth step in which wavelet transformation is performed on the 
pulse waveform from which body motion components have been removed, and analyzed pulse wave data from which 
body motion components have been removed is generated in each frequency region; a sixth step In which the ejection 
duration of the heart is detected based on the analyzed pulse wave data from which body motion components have 

2s been removed; and a seventh step in which the stroke volume per beat is calculated based on the pulse waveform from 
which body motion components have been removed during the ejection duration of the heart. 
[0133] The one hundred-twentieth aspect of the present invention relates to a stroke-volume-per-beat detecting 
method, characterized in that It comprises a first step in which a pulse waveform Is detected at a detection site on the 
body; a second step in which body motion waveforms expressing body motion are detected; a third step in which the 

30 body motion components in the pulse waveform are generated based on the kxxiy motion waveform; a fourth step in 
which the body motion components are removed from the pulse waveform, and a pulse waveform from which body 
motion components have been removed is generated; a fifth step in which wavelet transformation Is performed on the 
pulse waveform from which body motion components have been removed, and analyzed pulse wave data from which 
body motion components have been removed is generated at each frequency region; a sixth step in which analyzed 

35 pulse wave data from which body motion components have been removed is corrected by normalizing the power at 
each frequency based on each con-esponding bandwidth in the frequency regions, and corrected pulse wave data Is 
generated; a seventh step in which the ejection duration of the heart is detected based on the corrected analyzed pulse 
wave data; and an eighth step in which the stroke volume per beat is calculated based on the pulse waveform from 
which body motion components have been removed during the ejection duration of the heart. 

40 [0134] The one hundred twenty-first aspect of the present invention relates to a stroke-volume-per-beat detecting 
method, characterized in that it comprises a first step in which a pulse waveform is detected at a detection site on the 
body; a second step in which wavelet transformation is performed on tiie pulse waveform, and the analyzed pulse wave 
data for each frequency region is generated; a tiiird step in which body motion waveforms expressing body motion are 
detected; a fourth step in which wavelet transformation is performed on the body motion waveform, and analyzed body 

45 motion data in each frequency region is generated; a fifth step in which the analyzed body motion data is subtracted 
from the analyzed pulse wave data, and analyzed pulse wave data from which body motion components have been 
removed Is generated; a sixth step in which tiie ejection duration of the heart is detected based on analyzed pulse wave 
data from which body motion conponents have been removed; and a seventii step in which the stroke volume per beat 
is calculated based on the result obtained by adding the analyzed pulse wave data from which body nwtion components 

50 have been removed in each frequency region during the ejection duration of the heart. 

[0135] The hundred twenty-second aspect of tiie present invention relates to a stroke-volume-per-beat detecting 
method, characterized in tiiat it comprises a first step in which a pulse waveform is detected at a detection site on tiie 
body; a second step in which wavelet transformation is performed on the pulse waveform to generate analyzed pulse 
wave data in each frequency region; a third step in which analyzed pulse wave data is con-ected by normalizing the 

55 power at each frequency based on each conesponding bandwidth in the frequency regions, and corrected analyzed 
pulse wave data Is generated; a fourtti step In which body motfon waveforms expressing body motion are detected; a 
fifth step in which wavelet transformation is performed on the body motion waveform, and analyzed body motion data 
in each frequency region Is generated; a sixth step in which analyzed body motion data is corrected by normalizing tiie 
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power at each frequency based on each corresponding bandwidth in the frequency regions, and corrected analyzed 
body nnotion data is generated; a seventh step in which the corrected analyzed body nnotion data is subtracted from the 
con-ected analyzed pulse wave data, and analyzed pulse wave data from which body motion components have been 
removed is generated; an eighth step in which the ejection duration of the heart is detected based on analyzed pulse 

5 wave data from which body motion components have been removed; and a ninth step In which the stroke volume per 
beat is calculated based on the result obtained by adding the analyzed pulse wave data from which body motion com- 
ponents have been removed In each frequency region during the ejection duration of the heart. 
[0136] The one hundred twenty-third aspect of the present invention relates to a stroke-volume-per-beat detecting 
method, characterized in that it comprises a first step in which a pulse waveform is detected at a detection site on the 

10 body; a second step in which wavelet transformation is performed on the pulse waveform, and analyzed pulse wave 
data is generated in each frequency region; a third step in which frequency components corresponding to body motion 
defined in advance are removed from the analyzed pulse wave data, and analyzed pulse wave data from which body 
motion components have been removed Is generated; a fourth step in which the ejection duration of the heart is 
detected based on the analyzed pulse waveform from which body motion components have been removed; and a fifth 

15 step In which stroke volume per beat is calculated based on the result obtained by adding the analyzed pulse wave data 
from which body ntotion components have been removed in each frequency region during tfie ejection duration of the 
heart. 

[0137] The one hundred twenty-fbrth aspect of the present invention relates to a stroke•^^lume-per-beat detecting 
method, characterized in tiiat it comprises a first step in which a pulse waveform is detected at a detection site on the 

20 body; a second step in which wavelet transformation is performed on the pulse waveform and analyzed pulse wave data 
is generated in each frequency region; a third step in which frequency components con-esponding to body motion 
defined in advance are removed from the analyzed pulse wave data, and analyzed pulse wave data from which body 
motion conponents have been removed is generated; a forth step in which analyzed pulse wave data from which body 
motion components have been removed is connected by normalizing the power at each frequency based on each cor- 

25 responding bandwidtii in the frequency regions, and corrected analyzed pulse wave data is generated; a fifth step in 
vi^ich the ejection duration is detected based on corrected analyzed pulse wave data; and a sixth step in which stroke 
volume per beat is calculated based on the result obtained by adding con'ected analyzed pulse wave data in each fre- 
quency region during the Section duration of the heart. 

[0138] The one hundred twenty-fiftii aspect of the present invention relates to a stroke-volume-per-beat detecting 

30 method, characterized in tiiat it comprises a first step in which a pulse waveform is detected at a detection site on the 
body; a second step in which wavelet transformation is performed on the pulse waveform and analyzed pulse wave data 
is generated in each frequency region; a third step in which frequency components con-esponding to body motion 
defined in advance are removed from the analyzed pulse wave data, and analyzed pulse wave data from which body 
motion components have been removed is generated; a forth step in which inverse vyavelet transformation is performed 

35 on analyzed pulse wave data from which body motion components have been removed, and a pulse waveform from 
which body motion components have been removed is generated: a fifth step in which the ejection duration of the heart 
is detected based on tiie pulse waveform from which body motion components have been removed; and a sixth step In 
which stroke volume per beat Is calculated based on tiie pulse waveform from which body motion components have 
been removed during tiie ejection duration of the heart. 

40 [0139] The one hundred twenty-sixth aspect of the present invention relates to a stroke-volume-per-beat detecting 
method, characterized in that it comprises a first step in which a pulse waveform is detected at a detection site on tiie 
body: a second step in which the heart rate is detected; a ttiird step in which the ejection duration of the heart is 
detected based on tiie pulse waveform; a fourth step in which a stroke volume per beat associated with the ejection 
duration of tiie heart and the bod/s heart rate is stored in advance; and a fifth step in which stroke volume per beat is 

45 calculated by reading out the stroke volume per beat recorded in the fourtii step from the memory, based on tiie 
detected ejection duration and the detected heart rate. 

[0140] The one hundred twenty-seventii aspect of the present invention relates to a sti-oke-volume-per-beat detecting 
method, characterized in tiiat it comprises a first step in which a pulse waveform is detected at a detection site on tiie 
body; a second step in which the heart rate is detected; a tiiird step in which the ejection duration of the heart Is 

so detected based on tiie pulse waveform; and a fourtii step in which the area under tiie pulse waveform which corre- 
sponds to the ejection duration of the heart is calculated based on each of tiie peak values of the pulse waveform during 
the ejection duration of tiie heart, and the stroke volume per beat is calculated based on this area. 
[0141] The one hundred twenty-eightii aspect of the present invention Is a cardiac function measuring metiiod for 
measuring cardiac function based on tiie stroke volume per beat detected by the stroke-volume-per-beat method, char- 

55 acterized in that it comprises a step in which an evaluation index is generated by comparing tiie stroke volume per beat 
witii various threshold values, and a step in which tiie subject is notified of the evaluation index. 
[0142] The one hundred twenty-nintii aspect of the present invention is a cardiac function measuring metiiod for 
measuring cardiac function based on tiie stroke volume per beat detected according to tiie stroke-volume-per-beat 
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method, characterized in that it comprises a step in which the rate of change in the stroke volume per beat is calculated; 
a step In which an e/aluation index is generated by comparing the rate of change in the stroke volume per beat with 
various threshold values; and a step in which the subject is notified of the evaluation index. 

5 BRIEF DESCRIPTION OF THE FIGURES 
[0143] 

FIG. 1 is a function block diagram showing the functional structure of the pulse wave diagnosing device discussed 
10 in Chapter 1. 

FIG. 2 is an orthogonal view showing the outer stmcture of the pulse wave diagnosing device according to the first 
embodiment in Chapter 1 . 

FIG. 3 is a circuit diagram of pulse wave detection sensor unit 130 in the same embodiment in Chapter 1 . 
FIG. 4 is a block diagram showing the electrical structure of a pulse wave diagnosing device according to the same 
IS embodiment in Chapter 1 . 

FIG. 5 is a block diagram of wavelet transformer 10 according to the same embodiment in Chapter 1 . 
FIG. 6 is a block diagram of waveform shaping member 1 00 according to the same embodiment in Chapter 1 . 
FIGS. 7A-7E are timing charts for explaining the operation of wavelet transformer 10 according to the same embod- 
iment in Chapter 1. 

20 FIG. 8 Is a diagram-showing the analyzed pulse wave data MKD generated at each heart beat in the same embod- 
iment in Chapter 1. 

FIG. 9 is a block diagram of pulse type data generator 1 2 according to the same embodiment in Chapter 1 . 
FIG. 1 0 is a diagram showing the average value of corrected pulse wave data MKD* stored in memory 1 24 accord- 
ing to the same embodiment in Chapter 1 . 
25 FIG. 1 1 is a diagram shewing the relationship between the average value and a waveform representative of a Xuan 
mai in the same embodiment in Chapter 1. 

FIG. 1 2 is a diagram showing the relationship between the average value and a waveform representative of a Ping 
mai in the same embodiment in Chapter 1 . 

FIG. 13 is a diagram showing the relationship between the average value and a waveform representative of a Hua 
30 mai in the same embodiment in Chapter 1 . 

FIG. 14 is a block diagram showing another structural example for pulse type data generator 12 according to the 
same embodiment in Chapter 1. 

FIG. 15 is a block diagram of the pulse wave diagnosing device according to the second embodiment in Chapter 1. 
FIGs. 16A-16C are timing charts for explaining the operation of the pulse wave diagnosing device according to the 
35 second embodiment in Chapter 1 . 

FIG. 17 is a diagram showing corrected pulse wave data MKD' in time period Tc in the second embodiment in 
Chapter 1. 

FIG. 18 is a diagram showing corrected body motion data TKD* in time period Tc in the second embodiment in 
Chapter 1. 

40 FIG. 19 is a diagram showing corrected pulse wave data MKD" from which body motion components have been 
removed in the second embodim^t in Chapter 1. 

FIG. 20 is a block diagram showing the pulse wave diagnosing device according to the third embodiment in Chapter 
1. 

FIG. 21 is a block diagram of the pulse wave diagnosing device according to the fourth embodiment in Chapter 1 . 
45 FIG. 22 is a block diagram showing the details of body motion component remover 19 according to the fourth 
embodiment in Chapter 1 . 

FIG. 23 is a diagram showing one example of pulse wave data TBD from which body motion conponents have 
been removed according to the fourth embodiment in Chapter 1 . 

FIG. 24 is a block diagram of a pulse wave diagnosing device according to the f ifth embodiment in Chapter 1 . 
so FIG. 25 is a diagram showing one example of pulse wave data TMH from which body motion components have 
been removed for one beat according to the fifth embodiment in Chapter 1 . 

FIG. 26 is a block diagram showing the structure of pulse type determining member 22 according to the fifth 
embodiment in Chapter 1 . 

FIG. 27 is a diagram showing one example of the pulse waveform according to the fifth embodiment in Chapter 1 . 
55 FIG. 28 is a diagram showing the details of peak information according to the fifth embodiment in Chapter 1 . 
FIG. 29 is a flow chart for explaining the operation of the fifth embodiment in Chapter 1 . 
FIG. 30 is a block diagram showing an example of the case in which the wavelet transformer is formed of a filter 
bank in a modification In Chapter 1. 
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FIG. 31 is a block diagram showing an example of the case where the Inverse wavelet transformer is formed of a 
filter bank in a modification in Chapter 1 . 

FIGs. 32A-32C are diagrams showing an exannple of a transmitted light-type pulse wave sensor according to a 
modification in Chapter 1. 

5 FIG. 33A and FIG. 33B are an orthogonal views showing the outer structure of a pulse wave diagnosing device 
employing a pressure sensor in a modification in Chapter 1. 

FIG. 34 is a diagram showing an example in which a photoelectric pulse wave sensor is employed in a pair of eye- 
glasses in a modification in Chapter 1 . 

FIG. 35 is a diagram showing an example in which a photoelectric pulse wave sensor is employed in a necklace in 
to a modification in Chapter 1 . 

FIG. 36 is a diagram showing an exanple in which a piezoelectric mike sensor is employed in a card in a modiffoa- 
tion in Chapter 1. 

FIG. 37A and FIG. 37B are diagrams showing an example in which a photoelectric pulse wave sensor is employed 
in a pedometer in a nrK)dif Nation in Chapter 1 . 
75 FIG. 38 is a block diagram showing the structure of first wavelet transformer 10A according to a modification In 
Chapter 1 . 

FIG. 39 shows the heart beat and the RR interval obtained from the waveform of these heart beats in an electro- 
cardiogram in a nrtodif ication in Chapter 1 . 

FIG. 40 is a diagram showing the relationship between the electrocardiogram and blood pressure in a modification 
20 in Chapter 1. 

FIG. 41 A Is a diagram showing the changing waveform of the RR interval in the measured pulse, and the waveform 
of the changing components when the changing waveform is divided into the three frequency components 
described above. FIG. 41 B shows the result of spectral analysis on the changing waveform in the RR interval 
shown In FIG. 41 A. 

25 FIG. 42 Is a block diagram showing the functional structure of the exercise Index measuring device according to the 
first embodiment in Chapter 2. 

FIG. 43 is a block diagram showing the electrical structure of the same device in Chapter 2. 

FIGs. 44A-44C are diagrams showing the experimental results on which the exercise index measuring device in 

Chapter 2 is premised. 

30 FIG. 45 is a diagram for explaining the subjective point assignment for exercise intensity. 

FIG. 46 is a diagram showing the external structure of the same exercise Index measuring device In Chapter 2. 
FIG. 47 is a diagram showing the structure of an external device for sending and receiving various information to 
and from the same exercise index measuring device in Chapter 2. 

FIG. 48 is a flow chart showing basic processing (1) executed by the same exercise index measuring device in 
35 Chapter 2. 

FIG. 49 is a flow chart showing inten-upt processing (1) executed by the same exercise index measuring device in 
Chapter 2. 

FIG. 50 is a flow chart showing basic processing (2) or (3) executed by the same exercise Index measuring device 
In Chapter 2. 

40 FIG. 51 Is a flow chart showing interrupt processing (2) executed by the same exercise index measuring device in 
Chapter 2. 

FIG. 52 is a flow chart showing interrupt processing (3) executed by the same exercise index measuring device in 
Chapter 2. 

FIG. 53 is a flow chart showing basic processing (4) or (5) executed by the same exerdse Index measuring device 
45 in Chapter 2. 

FIG. 54 is a flow chart showing Inten'upt processing (4) executed by the same exercise index measuring device in 
Chapter 2. 

FIG. 55 is a flow chart showing interrupt processing (5) executed by the same exercise Index measuring device In 
Chapter 2. 

so FIG. 56 is a diagram showing an example of the display shown on the display in the same exercise index measuring 
device in Chapter 2. 

FIG. 57 is a diagram showing an example of the display on the display shown in the same exercise index measuring 
device in Chapter 2. 

FIG. 58 is a block diagram showing the functional structure of an exercise Index measuring device according to the 
55 second embodiment in Chapter 2. 

FIG. 59 is a diagram showing the content of the table In the second embodiment in Chapter 2. 

FIGs. 60A-60D are diagrams showing the relationship between exercise intensity and the respiratory waveform in 

Chapter 3. 
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FIG. 61 IS a function block diagram for the exercise intensity detecting device according to the second ennidodinient 
in Chapter 3. 

FIG. 62 is a block diagram showing the electrical structure of the exercise intensity detecting device according to 

the first embodiment in Chapter 3. 
5 FIG. 63 is a diagram showing the results obtained when FFT processing is performed on pulse wave data MH' from 

which body motion components have been removed in Chapter 3. 

FIG. 64 is an enlarged view of low frequency region LF shown in FIG. 63. 

FIG. 65 is a face chart showing one aspect for the display in the first embodiment in Chapter 3. 

FIG. 66 is a flow chart showing the operation of an exercise intensity detecting device according to the first embod- 
10 iment in Chapter 3. 

FIG. 67 is a block diagram showing the internal structure of the evaluator and the respiratory component extractor 
according to the second emt>odiment in Chapter 3. 

FIG. 68 is a diagram showing one example of analyzed pulse wave data MKD from which body motion components 
have been removed according to the second embodiment In Chapter 3. 
IS FIG. 69 is a diagram showing the maximum energy region for the analyzed pulse wave data MKD from which body 
motion components have been removed shown in FIG. 68. 

FIG. 70 is a diagram showing an example of the analyzed respiratory waveform data VKD according to the second 
emiDodiment in Chapter 3. 

FIG. 71 is a circuit diagram of a zero cross comparator according to the second embodiment in Chapter 3. 
20 FIG. 72 is a circuit diagram for the duty ratio detector according to the second embodiment in Chapter 3. 

FIGs. 73A-73D are timing charts for the duty ratio detector according to the second embodiment In Chapter 3. 
FIG. 74 is a flow chart showing the operation of the exercise intensity detecting device according to the second 
errlbodiment in Chapter 3. 

FIG. 75 is a block diagram showing the electrical structure of an exercise Intensity detecting device according to the 
2$ third embodiment in Chapter 3. 

FIG. 76 is a flow chart showing the operation of the exercise intensity detecting device according to the third 
embodiment in Chapter 3. 

FIG. 77A-77C are diagrams showing one example of the relationship between analyzed pulse wave data MFD, 
analyzed body motion data TFD, and analyzed pulse wave data MKD from which body motion components have 
30 been removed, according to the third embodiment in Chapter 3. 

FIG. 78 is a block diagram showing the electrical structure of an exercise intensity detecting device according to a 
fourth emt>odiment in Chapter 3. 

FIG. 79 is a diagram showing an example of the relationship between cut off frequency fc and analyzed pulse wave 
data MFD according to a fourth embodiment in Chapter 3. 
35 FIG. 80 is a diagram showing an example of analyzed data MD' from which the pulse wave component has been 
removed according to the fourth emtxxJiment in Chapter 3. 

FIG. 81 is a block diagram showing in detail the structure of respiratory conponent extractor 13' according to the 
fourth embodiment in Chapter 3. 

FIG. 82 is a diagram showing the results obtained when the relationship between running pitch and respiratory rate 
40 is measured in the fourth embodiment in Chapter 3. 

FIG. 83 is a graph showing the relationship between fundamental frequency Fvl of the respiratory component and 

the fundamental frequency Ftl of the body motion component In the fourth embodiment in Chapter 3. 

FIG. 84 Is a diagram showing the relationship between pulse rate and respiratory rate in Chapter 3. 

FIG. 85 is a diagram showing the change in stroke volume per beat accompanying posture changes in heart trans- 
45 plant patients and healthy individuals in Chapter 4. 

FIG. 86 is a diagram for explaining the contraction period area method in Chapter 4. 

FIG. 87 is a function block diagram showing the functional structure of cardiac function diagnosing device empk)y- 
ing the cardiac output detecting device in Chapter 4. 

FIG. 88 shows the relationship between the electrocardiowavefbrm, aortic pressure waveform, and the pulse wave- 
50 form at the periphery in Chapter 4. 

FIG. 89 is a block diagram showing the electrical structure of the cardiac function diagnosing device according to 
the first embodiment in Chapter 4. 

FIG. 90 is a block diagram showing the electrical structure of the cardiac function diagnosing device according to 
the second embodiment in Chapter 4. 
55 FIG. 91 shows analyzed pulse wave data for the duration of a portion of the pulse waveform according to the sec- 
ond embodiment in Chapter 4. 

FIG. 92 is a diagram for explaining the operation of the stroke-volume-per-beat calculator in the second embodi- 
ment in Chapter 4. 
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FIG. 93 is a block diagram of a cardiac function diagnosing device according to the third embodiment in Chapter 4. 
FIG. 94 is a block diagram of a cardiac function diagnosing device according to the fourth embodiment in Chapter 4. 
FIG. 95 Is a block diagram showing the details of body motion component remover 41 1 in the fourth embodiment 
in Chapter 4. 

5 FIG. 96 is a diagram showing one example of pulse wave data MKD" from which body motion components have 
been removed In the fourth emtxxliment in Chapter 4. 

FIG. 97 is a block diagram showing the stroke-volume-per-beat calculator according to the fifth embodiment in 
Chapter 4. 

FIG. 98 is a block diagram showing the cardiac output table according to the fifth embodiment in Chapter 4. 
10 FIG. 99 is a block diagram showing stroke-volume-per-beat corrector 424 according to the sixth embodiment in 
Chapter 4. 

FIG. 100 Is a block diagram of evaluator 416 according to the seventh embodiment in Chapter 4. 
FIG. 101 Is a function block diagram showing the functional structure of a cardiac diagnosing device employing a 
stroke-volume-per-beat detecting device In Chapter 4. 
75 FIG. 102 is a block diagram shovinng the electrical structure of a cardiac function diagnosing device according to 
the seventh embodiment in Chapter 4. 

FIG. 103 is a block diagram showing the electrical structure of a cardiac function diagnosing device according to 
the ninth embodiment In Chapter 4. ~^ 

FIG. 1 04 is a block diagram of a cardiac function diagnosing device according to the tenth embodiment in Chapter 

20 4. 

FIG. 1 05 is a block diagram of a cardiac function diagnosing device according to the eleventh emt)odiment in Chap- 
ter 4. 

FIGs. 1 06A-1 06D are diagrams showing the shape of the pulse waveform in response to exercise Intensity in Chap- 
ter 4. 

2S FIGs. 107A-107C are diagrams modeling the shape of the pulse waveform in accordance with exercise intensity in 
Chapter 4. 

FIG. 108 is a block diagram showing the structure of a stroke-volume-per-beat calculator according to a second 
aspect for the twelfth embodiment in Chapter 4. 

FIG. 109 is a block diagram showing the structure of a stroke-volume-per-beat calculator according to a third 
30 aspect for the twelfth embodiment in Chapter 4. 

FIG. 1 10 is a block diagram of evaluator 16 in the fourteenth embodiment in Chapter 4. 

PREFERRED EMBODIMENTS OF THE PRESEINJT INVENTION 

35 [0144] Preferred embodiments of the present invention will now be explained below with reference to the accompa- 
nying figures. The following explanation will be separated into chapters in order to better facilitate the exercise of the 
present invention by one skilled In the art. 

[0145] In Chapter 1 , a pulse wave diagnosing device employed to specify the individuars pulse type will be explained. 
It is necessary In this case to categorize the pulse waveform as Ping mai. Hua mai, or Xuan mai. The characteristics of 
40 the pulse waveform are suitably extracted using a wavelet transformer or the like. A device convenient for mobility which 
enables the subject to know the pulse type during normal daily activities will be disclosed. In addition, the techniques 
employed for eliminating the effects of motion will also be discussed. 

[0146] Next, in Chapter 2, an exercise index measuring device which measures the exercise intensity for the training 
required to improve overall body endurance, and provides this exercise intensity tothe subject in the form of an exercise 
45 index will be explained. Note that "exercise intensity" as employed here comprehensively takes into consideration the 
subjecfs physical and psychological strength during exercise. 

[0147] In Chapter 3. an exercise intensity detecting device for calculating tine exercise intensity based on the respira- 
tory components extracted from the pulse waveform will be explained. 

[0148] In Chapter 4, a device for detecting the stroke volume per beat and cardiac output fc>ased on the pulse wave- 
50 form, and a device for diagnosing cardiac function will be explained. 

1. Chapter 1 

1-1: Summary 

55 

[0149] In Chinese medicine, the physician performs a pulse diagnosis by applying pressure on tiie skin over the 
patient's radius artery with his fingers. A diagnosis of the patient's physiological state is tiien made based on the pulse 
sensed through the physician's fingers. Representative pulse waves include Ping mai, Hua mai. and Xuan mai. The 
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Ping mai is characteristic of a healthy subject, and is relaxed, having a constant rhythm without disruption. The Hua mai. 
on the other hand, is caused by an abnornrmlity in the flow of blood in which the movement of the pulse becomes 
extremely smooth due to a mammary tumor, liver or kidney ailment, respiratory ailment, stomach or intestinal ailment, 
inflammation, or some other illness. On the other hand, the Xuan mai is caused by tension or aging of the walls of the 

5 blood vessels, and is seen in diseases such as liver and gall ailments, skin ailments, high blood pressure, and pain ail- 
ments. It is believed that the elasticity of the walls of the blood vessels decreases, so that the effect of the pulse move- 
ment of the pumped blood is not readily expressed, causing this phenomenon. The waveform of a Xuan mai rises 
violently, but does not fall off immediately, remaining at a high pressure state for a fixed period of time. In terms of the 
sensation registered by the fingers, a Hua mai feels like a straight tense and long pulse. 

10 [0150] Since the physiological state of the patient is diagnosed based on subtle sensations registered by the fingers. 
It is difficult to convey the technique of pulse diagnosis between practitioners, so that typically practice on the order of 
months and years is required. In addition, because blood flow changes when the body Is in motion, it is difficult to spec- 
ify an accurate pulse wave if the subject is moving. 

[0151] With this in mind. Chapter 1 addresses a pulse wave diagnosing device capable of objectively specifying the 
IS pulse type even when body motion is present. 

1*2: Functionai structure of embodiments 

[0152] The function of a pulse wave diagnosing device according to one embodiment of the present invention will be 
20 explained with reference to the figures. FIG. 1 is a function block diagram of the pulse wave diagnosing device accord- 
ing to this embodiment. In the figure, f 1 is a pulse wave detecting means, for detecting the pulse waveform. The pulse 
waveform is, for example, detected by applying pressure on the skin over the radius artery f2 is a first wavelet trans- 
forming means for performing wavelet transformation on the pulse waveform detected by pulse wave detecting means 
f 1 , and generating analyzed pulse wave data in each frequency region. f3 is a first frequency correcting means for cor- 
25 recting the analyzed pulse wave data so that the power density at each frequency based on each corresponding band- 
width In the frequency regions becomes constant, and generating con'ected pulse wave data. As a result, it is possible 
to compare wavelets detected in different frequency time regions. 

[0153] N&ct, f4 Is a body motion detecting means for detecting body motion and outputting a body motion waveform. 
As a result, it is possible to detect when the subject Is moving, f 5 is a second wavelet transforming means for performing 

30 wavelet transformation on the body motion waveform detected by body motion detecting means f4. and generating ana- 
lyzed body motion data in each frequency region. f6 is a second frequency conecting means for correcting analyzed 
body motion data based on each corresponding frequency so that the power density at each frequency becomes con- 
stant, and then generating corrected body motion data. Since frequency correction is performed on the corrected body 
motion data calculated in this way it can be compared with corrected pulse wave data. 

35 [0154] f7 is a mask means for subtracting the corrected body motion data from the corrected pulse wave data, and 
generating corrected pulse wave data from which body motion components have been removed. f8 is a pulse type data 
generating means for generating pulse type data indicating the pulse type by analyzing in each frequency region the 
conected pulse wave data generated by mask means f7. The types of pulse waves include Xuan mai. Ping mai and Hua 
mai, for example. 

40 [0155] Note that rt Is not necessary to detect body motion in the case where detecting an Irregular pulse for sleeping 
or sedate subjects. Therefore, body motion detecting means f4, second wavelet transforming means f5. second fre- 
quency correcting means f6, and mask means f7 may be eliminated, since there is no need to detect body motion. In 
addition, it Is acceptable to simplify the structure by providing a frequency conecting means after mask means f7. in 
place of first frequency correcting means f3 and the second frequency correcting means. It is also acceptable to omit 

45 all of the frequency correcting means. 

[0156] f9 Is a notifying means for informing the subject of the pulse type based on the pulse type data generated by 
pulse type data generating means f8. As a result, the subject or a third party such as a physician is able to view the 
pulse type. 

50 1-3: Embodiment 1 

1-3-1: Structure of Embodiment 1 

[01 57] The structure of a pulse wave diagnosing device according to a first embodiment of the present invention will 
55 now be explained with reference to the figures. 
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1-3-M : External structure of Embodimerrt 1 

[0158] FIG. 2 is an orthogonal view showing the external structure of the pulse wave diagnosing device according to 
the first emkxxiiment in Chapter 1 . 

5 [0159] The pulse wave diagnosing device 1 of this example shown In FIG. 2 Is approxiniately formed of device main 
body 110 having a wristwatch structure, cable 120 connected to device main body 110, and pulse wave detection sen- 
sor unit 130 which is provided to one end of cable 120. A connector piece 80 is provided to an end of cable 120. Con- 
nector piece 80 is attached In a freely releasing manner to connecta 70 which is formed at the 6 o'clock position on 
device main body 1 10. A wrist band 60 is provided to device main body 1 10 for wrapping around the wrist of the subject 

10 from the 12 o'clock positron, and fbdng in place at the 6 o'clock position. Device main body 1 10 Is designed to be freely 
detachable from the arm of the subject by means of wrist band 60. Pulse wave detection sensor unit 130 attaches to 
the base of the Index finger and is blocked from light by a band 140 for fixing the sensor in place. When pulse wave 
detection sensor unit 1 30 is attached In this way to the base of the finger, cable 120 can be made shorter, making it less 
likely to be a hindrance to the subject while running, for example. When the temperature distribution is measured from 

IS the palm to the fingertip at a cool ambient temperature, it is clear that the temperature at the fingertip falls noticeably 
while the temperature at the base of the finger does not fall. Accordingly, if pulse wave detection sensor unit 130 is 

attached to the base of the finger, accurate measurements may still be obtained even on a cold day when the subject 

is running outdoors. 

[0160] Device main body 1 10 is provided with a resin watch case 200 (main body case). A liquid crystal display 210 
20 having an EL back light is provided to the surface of watch case 200 for displaying the current time and date, as well as 
the length of time spent running, the running pitch and pulse wave information such as the pulse rate. LCD device 210 
may be comprised of segmental or dot display regions. When dot display regions are employed, then the various infor- 
mation may be graphically displayed. 

[0161 1 A control member comprising a microcomputer or the like is formed inside watch case 200 for executing a var- 

25 ious commands or performing data processing to determine changes in the pulse rate or pulse type based on pulse 
waveform MH measured by pulse wave detection sensor unit 1 30, and displaying this Information on LCD 21 0. A watch 
circuit is formed in the control member and is designed to display clock time, lap time, split time or the like on LCD 210. 
Button switches 111-115 are provided to the outer periphery and surfeice of watch case 200 to enable such external 
manipulations as setting the time or changing the display mode. 

30 [0162] Pulse wave detection sensor unit 130 is formed of LED 32. photo transistor 33 and the like shown In FIG. 3. 
When switch SW Is ON and voltage from an electric source is impressed, light is emitted from LED 32, reflected by 
blood vessels and tissues, received by photo transistor 33. and pulse wave signal M is detected. 
[0163] The wavelength of the light emitted by the LED is selected to be in the vicinity of the absorption wavelength 
peak for hemoglobin in the Wood. As a result, the level of received light will vary In response to the amount of blood flow. 

35 Thus, the pulse waveform can be detected by detecting the level of received light. 

[0164] A InGaN-type (Indium-gallium-nitrogen) blue LED Is suitably enployed for the LED 32. The emitted light spec- 
trum of a blue LED has a peak at 450 nm. for example, with the emitted light wavelength region being in the range of 
350 to 600 nm. In this case, a GaAsP-type (gallium-arsenic-phosphorous) photo transistor may be used for photo tran- 
sistor 33 corresponding to the LED having the light emitting characteristics described above. The received light wave- 

40 length region of photo transistor 33 has, for example, a main sensitive region In the range of 300 to 600 nm. with a 
sensitive region also present below 300 nm. When a blue LED and photo transistor 33 such as described above are 
combined, the pulse wave is detected in the overlapping wavelength region of 300 to 600 nm. This offers the following 
advantages. 

[0165] It tends to be difficult for outside light having a wavelength region of 700 nm or less to pass through the tissues 
45 of the finger. For this reason, even If the portion of the finger not covered by the sensor fixing band is irradiated with 
outside light, the light does not reach photo transistor 33 through the finger tissue. Rather, only light in wavelength 
regions which do not influence the detection reaches photo transistor 33. On the other hand, light in the low wavelength 
region from 300 nm is almost entirely absort>ed at the skin surface. Thus, even if the received light wavelength region 
is set to 700 nm or less, the actual received light wavelength region is 300 to 700 nm. Accordingly, it is possible to con- 
so trol the impact of outside light, without having to significantly cover the finger. 

[0166] Moreover, the absorption coefficient of blood hemoglobin with respect to light having a wavelength of 300 to 
700 nm is large, and is several to lOO-fbId greater than the absorption coefficient with respect to light having a wave- 
length of 880 nm. Accordingly, as in this example, when light in the wavelength region (300 to 700 nm) having large 
absorption characteristics matching the absorption characteristics of hemoglobin is employed as the light which is 
55 detected, the detected values therefor vary with good sensitively in response to changes in blood volume. Thus, it is 
possible to increase the S/N ratio of the pulse wave signal which is based on the change in blood volume. 
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1-3-1-2: Electrical structure of Embodiment 1 

[0167] Next, the electricat structure of the putse wave diagnosing device will be explained with reference to FIG. 4. 
FIG. 4 is a block diagram showing the electrical structure of the putse wave diagnosing device. 
[0168] Pulse wave diagnosing device 1 is formed of the following parts. The numeral 10 Is a wavelet transformer for 
performing conventional wavelet transformation on pulse waveform MH output from pulse wave detection sensor unit 
130. and generating analyzed pulse wave data MKD. 

[0169] In general, the wavelet is the unit for excising the signal parts in a time-frequency analysis for capturing the 
signal on both the time and frequency basis. Wavelet transformation expresses the size of the parts of the signal 
excised In these units. As the base function for defining wavelet transformation, a function \^ (x) which has been local- 
ized with respect to both time and frequency is introduced as tiie mother wavelet. Here, wavelet transformation employ- 
ing the mother wavelet \^ (x) of a function f(x) is defined as follows. 



[0170] In equation 1, Is the parameter enployed when ti-ansiating motiier wavelet \|/(x), while a is the parameter 
used when scaling. Accordingly, wavelet v^Ux-bya) in equation 1 is the wavelet obtained when translating mother 
wavelet by b only, and scaling it by a only. Since the widtii of the mother wavelet x|f(x) is extended in con-espond- 
ence to the scale parameter a. 1/a con'esponds to the frequency. The detailed structure of wavelet transformer 10 will 
be explained below. 

[0171] Frequency con-ector 1 1 carries out frequency correction on analyzed pulse wave data MKD. When comparing 
data from different frequency regions, it is necessary to correct for the effect of the term [1/a^^] corresponding to fre- 
quency in the preceding equation 1 . Frequency con'ector 1 1 is provided for this purpose. Namely, frequency con'ector 
1 1 generates corrected pulse wave data MKD* by multiplying wavelet data WD by a coefficient a^^. As a result, It is pos- 
sible to carry out correction based on each of the conesponding frequencies, so that the power density per frequency 
becomes constant. 

[0172] Next, pulse type data generator 12 specifies Ping mai, Xuan mai. or Hua mai pulse types based on corrected 
pulse wave data MKD'. and generates pulse type data ZD expressing this. Display 13 is composed of a ROM, control 
circuit. LCD display and the like. Pulse type data ZD is supplied to display 13. The control circuit detects this, reads out 
characters stored In ROM. and displays these on the liquid crystal display. Letters spelling out "Ping mai". "Xuan mai" 
or "Hua mai", or specific symbols or icons, may be used. As a result, the subject or physician is informed of the healtii 
state. 

1-3-1-3: Wavelet transformer 

[0173] The structure of wavelet transformer 10 will be explained in detail using the figures. FIG. 5 is a t)lock diagram 
of wavelet transformer 10 according to the first embodiment. 

[01 74] Pulse waveform MH is supplied to waveform shaping member 1 00 and A/D converter 220. Waveform shaping 
member 100 generates a control signal OS and dock CK in synchronisation with a pulse waveform MH. A block dia- 
gram of waveform shaping member 100 is shown in FIG. 6. In this figure, ringing filter 101 Is a filter with a high Q value 
having a central frequency of 2.2 Hz and a pass band of 0.8 to 3.5 Hz. The fundamental component of tiie pulse wave- 
form is typically in tiie range of 0.8 to 3.5 Hz. Thus, when pulse waveform MH passes through ringing filter 101, tiiat 
fundamental component is extracted. For example, when pulse waveform MH shown in FIG. 7A passes tiirough ringing 
filter 101 . tiien the sinusoidal wave shown in FIG. 7B Is obtained. 

[01 75] Zero cross detecting circuit 1 02 is composed of a comparator, or the like. Zero cross detecting circuit 1 02 com- 
pares the output signal and ground level of ringing filter 101 . and generates a rectangular wave. This rectangular wave 
is synchronized witti heart beat. For example, if the output signal of ringing filter 101 is as shown in FIG. 7B. tiien tiie 
output signal of zero cross detecting circuit 102 becomes as shown in FIG. 70. 

[0176] A phase lock loop is formed of comparing member 103, loop filter 104, voltage control oscillating circuit 105 
and divkJing circuit 106. When the signal output from zero cross detecting circuit 102 is supplied to one of the inputs of 
comparing member 1 03. and tiie ottier signal output from dividing circuit 1 06 is supplied to tiie other input of comparing 
member 103, comparing member 103 outputs an error difference signal in proportion to tiie phase difference between 
the two signals. When an enor difference signal is supplied to voltage control oscillating circuit 105 via loop filter 104. 
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voltage control oscillating circuit 1 05 outputs dock CK. Clock CK is divided into 1/8 fractions by dividing circuit 106, and 
fed back to the other input of comparing member 103. The frequency of clock CK in this case is compared to the fre> 
quency of the output signal of zero cross detecting circuit 102 as shown in FIG. 7D, to become an 8-fold frequency. 
Thereafter, clock CK is divided into halves by dividing circuit 107, and output as control signal CS shown in FIG. 7E. 
5 [0177] A pulse waveform MH shown in FIG. 5 Is converted to a digital signal by A/D converter 220. and then stored 
in first memory 221 and second memory 222. Control signal CS is directly supplied to the vin-lte enable terminal of first 
memory 221. and control signal CS which has been inverted by inverter 223 is supplied to the write enable terminal of 
second memory 222. First and second memories 221,222 alternately store pulse waveforms MH In dock frequency 
unit. 

10 [0178] The numeral 224 indicates a multiplexor which selects pulse wave data MD altemately read out from first and 
second memories 221 . 222 and outputs this data to base function developer W. Pulse wave data MO is read out from 
second memory 222 during the write period of first memory 221 , and written to second memory 222 during tiie read out 
of first memory 221 . 

[0179] Base function developer W is designed to can'y out the calculations for the preceding equation (1 ) above. Base 
IS function developer W is supplied witii clock CK. and canries out calculations according to the cbck period. Base function 

developer W is corrposed of a base function recorder W1 which records the mother wavelet i|/(x); a scale converter W2 

which converts scale parameter a; buffer memory W3; parallel translator W4 which canries out translation; and multi- 
~^ plier W5. Note that various types of wavelets may be suitably employed for mother wavelet y^i^) which is stored in base 

function recorder W1, including Gabor wavelet, Mexican hat wavelet. Han wavelet. Meye- wavelet Shannon wavelet 
20 and the like. 

[0180] When a mother wavelet v|/(x) is read out from base function recorder W1 , conversion of scale parameter a is 
earned out by scale converter W2. Scale parameter a corresponds to period, tiius. the bigger a is, the more the mother 
wavelet y(x) extends above the time axis. In this case, the quantity of data for mother wavelet ^(x) recorded in base 
function recorder W1 is fixed, so that when a gets larger, the amount of data per unit time decreases. Scale converter 
25 W2 carries out interpolation to compensate for tiiis, and generates a function \|f(x/a) by performing weeding out 
processing when a gets smaller. This data is stored once in buffer memory W3. 

[0181] Next, parallel translator W4 reads out function v (x/a) from buffer memory W3 at a timing in response to trans- 
lation parameter canrying out the parallel transition of function Mf(x /a), to generate a function y (x-b/a) . 
[0182] Next, multiplier W4 multiplies variable 1/a^^. function \j/(x-b/a) and pulsewavedataMD, and carries out wave- 
so let transformation in heartbeat units. In this way, analyzed pulse wave data MKD is generated. In this example, analyzed 
pulse wave data MDK is segregated into the frequency regions OHz-^CSHz. 0.5Hz~1 .OHz. 1 .OHz^l .5Hz. 1 .5Hz--2.0Hz, 
2.0Hz~2.5Hz, 2.5Hz'-3.0Hz, 3.0H2-3.5Hz. and 3.5H2-4.0Hz, and output. Base function developer W performs calcu- 
lations on the clock period as described above, and the dock frequency is set to be eight fold greater tiian the base fre- 
quency of pulse waveform MH. Thus, analyzed pulse wave data MKD generated at each beat becomes data Mil ~M88 
35 shown in FIG. 8. 

1 -3-1 -4: Pulse type data generator 

[0183] Next, pulse type generator 12 will be explained. FIG. 9 is a block diagram of pulse type data generator 12 

40 according to the present embodiment. 

[0184] In the figure, adder 121. coefficient circuits 122 and 124. and memory 123 are circuits for calculating tiie aver- 
age value of corrected pulse-wave data MKD' in each frequency region. The coefficient of coefficient drcuit 122 is 
1/K+1 , while the coefficient of coefficient circuit 124 is K. Adder 121 adds the con-ected pulse wave data MKD* and the 
output from coefficient circuit 124. The data output from adder 121 is stored in memory 123 via coefficient circuit 122. 

45 Memory 1 23 outputs the input data which has been delayed by just 8 dock periods. 

[0185] Here, if tine period of the heart beat is f. the cun-ent clock time is T, and the data stored in memory 123 is Ma, 
then data Ma(T) at clock time T may be obtained by tiie following equation. 

Ma("n= {Ma(T-t)*K+MKD*(T)}/(K+1) 

50 

[0186] MafT't) in this equation is data obtained at an Interval of time t ago, i.e.. MafT-t) shows the data from the pre- 
vious heart beat. Accordingly, data Ma(T) is tiie weighted average of past data and the current data. Since this process- 
ing is repeated at every inten/al of time t, tiie result is that the average value of corrected pulse wave data MKD' Is 
stored in memory 123. Since corrected pulse wave data MKD' is generated in each frequency region, the average value 
55 is calculated in each frequency region. For this reason, tiie average values Ma1 l-MaSS of conrected pulse wave data 
MDK* Is stored in memory 123 in units of 0.5Hz. as shown in FIG. 10. In this sense, then, memory 123 functions as an 
average value table. 

[0187] Next, calculator 125 generates pulse type data ZD based on average value Ma11~Ma88 stored in memory 
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123. The relationship between the average value and the representative waveforms, Xuan mai. Ping mai and Hua mai. 
will be explained here. Note that in the example explained below, the fundamental frequency of pulse waveform MH is 
1.3 Hz. 

[0188] In general, as shown in FIG. 8, putse waveform MH is formed of main wave wf 1 caused by the initial rise, tidal 
5 wave wf2 which foltows wf 1 , dicrotic notch wf3. and overlap wave wf4. Main wave wf 1 corresponds to the acute ejection 
period in the left ventricle. Tidal wave wf2 Is formed according to the correlation between the elastic expansion of the 
aorta and tine reflected wave at ttie periphery. Dicrotic notch wf3 expresses tiie pressure of the aorta during diastole of 
the left ventricle, and corresponds to diastolic pressure. The overlap wave wf4 is the wave due to reverse flow of retro- 
grade blood flow accompanying closing of the aortic valve. 
10 [0189] FIG. 1 1 shows the relationship between average values Mai 1 -Ma88 and a representative example of a Xuan 
mai. A Xuan mai is characterized in tiiat tidal wave wf2 is fused witii primary wave wfl, and in that dicrotic notch wf3 
does not appear. In other words, waveform characteristics appear In time periods t2 and t3. When tidal wave wf2 and 
dicrotic notch wf3 appear clearly, tine second and third harmonic components become larger witii respect to the funda- 
mental component of pulse waveform MH. Thus, in the case of a Xuan mai, frequency components above 2 Hz tend to 
IS become relatively smaller in time periods t2 and t3. In the case of both time periods 12 and t3 in tills example, tiie total 
S1 of frequency oonr^nents above 2 Hz is [7]. Note that SI Is defined by the following equation. 

S1= Ma23i-Ma24+Ma2&fMa2&4^a27+Ma28 +Ma33+Ma34-i-Ma35+Ma36+Ma37+Ma38 

20 [0190] FIG. 12 shows the relationship between tiie average values and a representative waveform for a Ping mai. A 
Ping mai is characterized in being formed of a three peak wave consisting of main wave wfl , tidal wave wf2, and overlap 
wave wf4. In ottier words, ttie characteristics of tfie waveform appear in time periods t2 and t3. Since tidal wave wf2. 
dicrotic notch wf3 and wf4 appear clearly, the second and tiiird higher harmonic components of pulse waveform MH 
become larger. Thus, in the case of a Ping mai, frequency components above 2 Hz tend to become relatively larger in 

25 time periods 12 and t3. In particular, when time periods t2 artd 13 are compared, a peak for tidal wave wf2 is present in 
time period t2. Accordingly, it may be said that many high frequency components are present. In the case of both time 
periods 12 and 13 in this example, ttie total Si of frequency components above 2 Hz is [25]. The total S2 for 4.0-3.0 Hz 
frequency components for time period 12 is [1 2], while the total S3 for 4.0-3.0 Hz frequency components for time period 
13 Is [7]. Note tiiat S2 and S3 are defined by the fbltowing equations. 

30 

S2o Ma27+Ma28 
S3= Ma37+Ma38 

35 [0191 ] FIG. 1 3 shows the relationship between the average values and a representative example of a Hua mai. A Hua 
mai is characterized in being formed of a two peak wave in which main wave wf 1 and tidal wave wf2 are almost entirely 
superimposed. In otiier words, the characteristics of tiie waveform appear in time periods 12 and 13. Since tidal wave 
wf2 is almost not visible, while diaotic notch wf3 appears clearly, the second and ttiird harmonic components of pulse 
waveform MH become larger. Thus, in the case of a Hua mai, frequency components above 2 Hz tend to become rela- 

40 tively larger In time periods 12 and t3. In particular, when time periods 12 and t3 are compared, a peak for tidal wave wf2 
Is not present in time period 12. In contrast, a dicrotic notch wf3 is present in time period 13, so tiiat It may be said that 
more high frequency components are present In time period 13. In the case of both time periods 12 and 13 in this ^cam- 
ple, the total SI of frequency components above 2 Hz is [24]. The total S2 for 4.0-3.0 Hz frequency components for 
time period 12 is [6], while the total S3 for 4.0-3.0 Hz frequency components for time period 13 is [10]. 

45 [0192] As explained above, characteristic parts are present in each pulse type. This embodiment focuses on these 
points In order to determine the pulse type based on ttie following determination standards. 

1) Determination of Xuan mai 

so [01 93] A determination is made that a Xuan mai Is present when the total S1 for frequency components above 2.0 Hz 
in time periods t2 and 13 Is [S1<15]. In this case, calculating means 125 generates data Dg indicating pulse type data 
ZD is a Xuan mai. 

2) Determination of Ping mai 

55 

[01 94] A determination is made tiiat a Ping mai Is present when the total SI of frequency components above 2.0 Hz 
in time periods 12 and t3 is [Si ^1 5], and tiie total S2 of frequency components in the range of 4.0-3.0 Hz in time period 
t2 and the total S3 of frequency components in ttie range of 4.0-3.0 Hz in time period t3 Is [S2^S3]. In ttiis case, cal- 
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culating means 125 generates data Dh indicating that pulse type data ZD is a Xuan mai. 
3) Determination of Hua mai 

5 [0195] When the total SI of frequency components above 2.0 Hz is [S1^1 5} for time periods t2 and t3, and the total 
S2 for frequency components In the range of 4.0-3.0 H2 for time period t2 and the total S3 for frequency components 
in the range of 4.0-3.0 Hz for time period t3 is [S2<S3], then a determination is made that a Hua mai is present. In this 
case, calculating means 125 generates data Dk indicating that pulse type data ZD is a Hua mai. 

10 1 -3-1-5: Other examples of the pulse type data generator 

[0196] FIG. 14 is a block diagram showing an example of another structure for the pulse type data generator. Memory 
123 functions as an average value table. Evaluation function calculator 126 generates evaluation data QDg, QDh. and 
QDk based on the average values stored in memory 123. Evaluation function calculator 126 is provided with a memory 
15 in which the results obtained from performing wavelet transformation on representative pulse waveforms corresponding 
to Xuan mai. Ping mai and Hua mai respectively are stored in advance in the same form as in the average value table. 
Note that the data conesponding to the pulse waveform which is.representative of Xuan mai, Ping mai and Hua mai are 
indicated by Mgl 1 --Mgsa. Mhl 1 -Mh88 and Mkl 1 -MkBS. respectively. 

[0197] Evaluation data QDg is data showing the degree to which the measured pulse waveform MH matches tiie 
20 pulse waveform of a representative Xuan mai, and is generated by calculations using the following equation. 

QDg = IPij • |Mgij-Maij|/Mgij : i=1-8. j=1--8 

[0198] Evaluation data QDh is data showing the degree to which the measured pulse waveform MH matches tiie 
25 pulse waveform of a representative Ping mai, and is generated by the following equation. 

QDh = ZPij • |Mhij-Maij|/Mhij : i=1 --8, j^l -8 

[0199] Evaluation data QDk is data showing the degree to which the measured pulse waveform MH matches tiie pulse 
30 waveform of a representative Xuan mai, and is generated by calculations using the following equation. 

QDk = £Pij • |Mkij-Maij|/Mkij : 1=1 --8. j»1 ~8 

[0200] Pij is a coefficient which is set to [0] in time-frequency regions in which tiiere are no characteristics and set to 
35 [1] for tiie characteristic portions only. The coefficient is set this way because tiie pulse type can be discerned based on 
the characteristic portions of the waveform which have a large amount of energy. In contrast if the pulse type was deter- 
mined based on low level portions of the waveform, tiien an accurate determination could not be carried out due to the 
poor SN ratio. 

[0201] Comparing member 127 compares the size of evaluation data QDg, QDh, and QDk, specifies the pulse type 
40 conesponding to the evaluation data expressing the smallest value as the pulse type of the measured pulse waveform 
MH. and generates pulse type data ZD. 

[0202] In tills embodiment as desaibed, wavelet transformation is performed in synchronization with pulse waveform 
MH. one pulse waveform is divided into a plurality of frequency time regions, the portions which characteristically 
express the pulse type are extracted from the divided frequency-time regions, and the pulse type is specified based on 
45 these extracted portions. As a result, it becomes possible to accurately determine the pulse type. 

1-4: Embodiment 2 

[0203] The pulse wave diagnosing device according to the first embodiment presumed tiiat tiie subject was at rest. 

so Since tiie hearti^eat becomes stronger in proportion to body motion, tiie pulse waveform is effected by body motion and 
will vary If tiie subject is walking, picking up an object, etc. Thus, it is difficult to accurately detect the pulse type with tiie 
pulse wave diagnosing device according to tiie first embodiment when body motion is present. Accordingly, tills second 
embodiment takes into consideration this point. Namely, tiie second embodiment provides a pulse wave diagnosing 
device which cancels the body motion component from tiie pulse waveform, so that an accurate pulse type can be 

56 detected even when body motion is present. 
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1-4-1 : Structure of Embodiment 2 

[0204] The external structure of the second emkxxJiment is equivalent to that of the first embodiment shown in FIG. 
2. However, the pulse wave diagnosing device according to the second embodiment Is provided with an acceleration 

5 sensor 21 inside the main body 1 10 of the device. 

[0205] The electrical structure of the pulse wave diagnosing device according to the second embodiment will now be 
explained. FIG. 15 is a block diagram of the pulse wave diagnosing device according to the second emk^odiment. In this 
figure, first wavelet transformer 10A and first frequency corrector 1 1 A have the same structures as the first embodi- 
ment's wavelet transformer 10 and frequency corrector 1 1 respectively, and are designed to output connected pulse 

10 wave data MKD' from first frequency corrector 1 1 A. 

[0206] Body motion waveform TH Is detected by acceleration sensor 21 , and then supplied to second wavelet trans- 
former 10B. Wavelet transformation is performed on body motion waveform TH. to generate analyzed body motion data 
TKD. Second wavelet transformer 1 0B is formed In the same manner as wavelet transformer 1 0 in the first erflbodlment. 
Accordingly, analyzed body motion data TKD Is formed from the various frequency components which result when the 

15 0-4 Hz frequency region is divided every 0.5 Hz. Second frequency connector 1 1B Is formed in the same manner as 
frequency corrector 1 1 in the first embodiment, and performs frequency correction on analyzed body motion data TKD 
to generate corrected body motion data TKD'. 

[0207] Next, mask 1 8 subtracts corrected body motion data TKD* from corrected pulse wave data MKD*. to generate 
con'ected pulse wave data MKD" from which body motion components have been removed. Pulse type data generator 
20 1 2 generates pulse type data ZD based on corrected pulse wave data MKD" in the same way as in the first embodiment. 
Display 13 displays the pulse type based on pulse type data ZD. 

1-4-2: Operation of Embodiment 2 

26 [0208] Next, the operation of the second embodiment will be explained with reference to the figures. 

[0209] This example assumes the case in which the subject lifts a cup with his hand, and then returns it to its original 
position during the pulse type detection. In this case, pulse waveform MH shown in FIG. 16A is detected by a pulse 
wave detection sensor unit 130. The body motion waveform TH shown in FIG. 16B Is detected simultaneously. 
[021 0] Body motion waveform TH begins to increase from time T1 , and reaches a positive peak at time T2. Thereafter, 

30 body motion waveform TH gradually falls, passing through level 0 at time T2, reaching a negative peak at time T3. and 
returning to level 0 at time T4. Since body motion waveform TH is detected by acceleration sensor 21 . time T3 con-e- 
sponds to the dock time at which the cup is maximally lifted by the subject, time T1 con^esponds to the clock time at 
which the subject starts to lift the cup. and time T4 corresponds to the dock time at which the lifting operation Is termi- 
nated. Accordingly, the time period from time T1 to T4 is the time period during which body motion is present. Note that 

35 FIG. 16C shows pulse waveform MH' assuming the absence of body motion. In this example, the fundamental fre- 
quency of pulse waveform MH is 1 .3 Hz. 

[021 1 ] The operation of the pulse wave diagnosing device according to the second embodiment during time period 
Tc shown In FIG. 16 will now be explained with reference to FIGs. 17-19. FIG. 17 shows con'ected pulse wave data 
MKD' in the Interval Tc and FIG. 18 shows corrected body motion data TKD' in the interval Tc. It may be understood 
40 from these figures that frequency components of a relatively large level are present in the 0.0 Hz~0.1 Hz frequency 
regions in body motion waveform TH. 

[0212] When corrected pulse wave data MKD* and corrected body motion data TKD' are supplied to mask 18, mask 
18 subtracts corrected body motion data TKD' from corrected pulse wave data MKD', to generate the connected pulse 
wave data MKD" from which body motion components have been removed shown in FIG. 19. As a result, even if body 

45 motion is present, its effect is canceled, making it possible to obtain a corrected pulse wave data MKD" which is the 
same as the connected pulse wave data MKD' obtained from the pulse wave of a subject at rest. 
[0213] Pulse type data generator 12 determines the pulse type based on corrected pulse wave data MKD". In this 
example, the total SI of frequency components above 2.0 Hz In intervals t2 and t3 is 28. so that [Si ^1 5]. The total S2 
of frequency components in the 4.0-3.0 Hz range in interval t2 is 9. And total S3 of frequency components in the 

50 4.0--3.0 Hz range in interval t3 is 13, Accordingly. [S2<S3]. Therefore, based on the determination standards cited 
above, a determination is made that a Hua mal Is present. Pulse type data generator 12 generates data Dk Indicating 
that pulse type data ZD Is a Hua mal. 

[0214] In the second embodiment, wavelet transformation is performed on body motion waveform TH, and body 
motion components are canceled based on the result obtained. According, by means of the second embodiment, it Is 
55 possible to accurately detect the pulse type even during dally activities or when exercising. 
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1.5: Embodiments 

[0215] In the second embodiment, frequency correction was performed on t)ie wavelets in the pulse waveform and 
the body rrxition waveform, and the pulse waveform wavelet was masked by the body motion wavelbrm. However, two 
5 types of frequency correctors are required in this case, so that the structure becomes complicated. This point was taken 
into consideration In the conception of the third embodiment. 

[0216] The external structure of the third embodiment is the same as that of the first embodiment shown in FIG. 2. 
However, the pulse wave diagnosing device according to the third embodiment is provided with an acceleration sensor 
21 inside the main body 1 10 of the device, as in the case of the second embodiment. 
10 [0217] The electrical structure of the pulse wave diagnosing device according to the second embodiment will be 
explained. FIG. 20 Is a block diagram of the pulse wave diagnosing device according to the third embodiment. The first 
and second wavelet transformers 1 0A. 1 0B and frequency corrector 1 1 in this figure have the same structures as wave- 
let transformer 1 0 and frequency corrector 1 1 in the first embodiment. 

[0218] Prior to correcting the frequency, mask 1 8 subtracts analyzed body motion data TKD from analyzed pulse wave 
75 data MKD in order to cancel the body motion components, thereby generating pulse wave data from which body motion 
components have been removed. Subsequently frequency corrector 1 1 con-ects the pulse wave data from which body 
motion components have been renrxjved by performing frequency correction so that the power density at each fre- 
quency becomes constant, thereby generating corrected pulse wave data MKD". As a result. K becomes possible to 
conpare levels between different frequency components. Next, when pulse type data generator 12 generates pulse 
20 type data ZD based on conrected pulse wave data MKD". and displays this pulse type data ZD on display 13. 

[021 9] Since frequency corrector 1 1 is provided after mask 1 8 in the third en^odlment, the structure of the pulse wave 
diagnosing device is sinple. and it is possible to specify the pulse type even in the presence of body motion. 

1-6: Embodiment 4 

25 

[0220] In the second and third embodiments, body motion waveform TH was detected by acceleration sensor 2 1 , and 
wavelet transformation was performed on the body motion waveform TH. The pulse type was then specified by compar- 
ing the result of wavelet transformation on pulse waveform MH and the result of wavelet transformation on body motion 
waveform TH, and canceling the body motion conrponent Included In the frequency components of pulse waveform MH. 
30 However, since acceleration sensor 21 and second wavelet transformer 1 0B are required, the structure becomes com- 
plicated. The fourth embodiment takes this point Into consideration, providing a pulse wave diagnosing device that not 
only has a simple structure, but by means of which it is possible to specify an accurate pulse type even when body 
motion Is present. 

35 1 -6-1 : Structure of Embodiment 4 

[0221] The external structure of the pulse wave diagnosing device according to the fourth embodiment is equivalent 
to the external structure of the first embodiment shown in FIG. 2. and an explanation thereof will therefore be omitted 
here. An explanation will be made of the electrical structure, however. FIG. 21 Is a block diagram of a pulse wave diag- 

40 nosing device according to the fourth embodiment. With the exception of the provision of a kxxJy motion component 
remover 19 between frequency corrector 1 1 and pulse type data generator 12. FIG. 21 is equivalent to FIG. 4 explained 
in connection with the first embodiment. Accordingly, only points of difference will be explained below. 
[0222] Body motion component remover 1 9 eliminates and removes the body motion component from corrected pulse 
wave data MKD', and generates pulse wave data TBD from which body motion components have been removed. Body 

45 motion component remover 19 takes advantage of the following properties of body motion. 

[0223] Namely, body motion is generated as a result of the vertical movement of the arms or the swinging motion of 
the arms during running. During the course of dally activities, however, there is almost no instantaneous movement of 
the body. For this reason, the frequency component off the body motion waveform TH does not become so high during 
dally activities, but is typically In the range of OHz-1 Hz. In this case, the fundamental frequency of pulse waveform MH 

so is frequently in the range of 1Hz~2Hz. Accordingly, during daily activities, the frequency components of body motion 
waveform TH are in a frequency region which Is lower than the fundamental frequency of pulse waveform MH. 
[0224] In contrast, an effect is exerted by the swinging nx)tlon of the arms and the like which accompanies sports such 
as jogging, so that the frequency component of the body motion waveform TH becomes somewhat higher. However, 
the pulse rate also increases in accordance with the amount of exercise, so that the fundamental frequency of pulse 

55 waveform MH is becoming higher at the same time. Accordingly, even in the case where the subject is performing a 
sport the frequency components of body motion waveform TH are typically in a frequency range which is lower than 
the fundamental frequency of pulse waveform MH. 

[0225] Body motion component remover 1 9 takes advantage of this point to remove body motion components, being 
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designed to ignore frequency regions which are lower than the fundamental conrponent of putse waveform MH. In thte 
case, if body motion components are present in a frequency region which is higher than the fundamental component of 
pulse waveform MH. then the accuracy of pulse type detection falls. However, since there is a higher probability that 
body motion components will be in a frequency region which is lower than the fundamental conponent of pulse wave- 

5 form MH, it is possible to can^ out highly accurate pulse type detection. FIQ. 22 is a detailed block diagram of body 
motion component remover 19. Waveform shaping member 191 performs waveform shaping on pulse waveform MH, 
and generates a reset pulse synchronized with pulse waveform MH. More specifically waveform shaping member 191 
is composed of ringing filter 101 . zero cross detecting circuit 102. and the like shown in FIQ. 6. Counter 192 counts the 
clock pulses, which are not shown In the figures, and is designed so that the counter value is reset by the reset pulse. 

10 Average value calculating circuit 1 93 calculates the average of the counter value of counter 192, and may be composed 
of adder 121, coefficient circuits 122 and 123, memory 123 and the like shown in FIG. 8. In this case, the average value 
calculated by average value calculating circuit 193 corresponds to the average period of pulse waveform MH. Accord- 
ingly the fundamental frequency of pulse waveform MH can be detected by refen^ing to the average value. 
[0226] Based on the aforementioned average value, sut)stituting circuit 194 specifies the frequency region which 

IS includes the fundamental frequency of pulse waveform MH. For example, when the average value is 0.71 sec. then the 
fundamental frequency becomes 1 .4 Hz. Thus, the frequency region specified is 1 Hz~1 .5Hz. Thereafter, for frequency 
regions which are less than the specified frequency region, substituting circuit 1 94 substitutes the connected pulse wave 
data MKD* with [0]. to generate pulse wave data TBD from which body motion components have been removed. As a 
result, components of frequency regions lower than the fundamental frequency of pulse waveform MH are ignored in 

20 the pulse type determination. In this case, pulse wave components are replaced by [0]. along with the body motion com- 
ponents. However, since the characteristic portions of pulse waveform MH are present in frequency regions which are 
higher than the fundamental frequency, this substitution by [0] as described above has almost no impact on the deter- 
mination of the pulse type. 

[0227] Based on the thus-generated pulse wave data TBD from which body motion components have been removed, 
2$ pulse type data generator 12 shown in FIG. 21 determines the pulse type and generates pulse type data ZD. When 
pulse type data ZD is supplied to display 13. display 13 displays a phrase such as "Ping mai", "Xuan mai" or "Hua mai", 
or specific symbols or icons. 

1 -6-2: Operation of Embodiment 4 

30 

[0228] The operation of the fourth embodiment will now be explained with reference to the figures. 
[0229] In this example, if pulse waveform MH (fundamental frequency 1.3 Hz) shown in FIG. 16A is detected by a 
pulse wave detection sensor unit 130. then corrected pulse wave data MKD* in time period Tc becomes as shown in 
FIQ. 17 

35 [0230] The frequency region specified by substituting circuit 194 is the 1.0Hz~1.5Hz frequency region in this case. 
Thus, the frequency region subject to substitution becomes Ma12~Ma82 con^esponding to O.SHz-I.OHz and 
Ma11~Ma81 corresponding to 0Hz~0.5Hz. Accordingly, data M12'-Ma82 and Ma11-Ma81 of corrected pulse wave 
data MKD* are substituted by [0], generating pulse wave data TBD from which body motion components have been 
removed, shown in FIG. 23. 

40 [0231 ] Pulse type data generator 1 2 determines the pulse type based on this pulse wave data TBD from which body 
motion components have been removed. In this exannple. the total SI of frequency components above 2.0 Hz in time 
periods t2 and t3 is 28. so that [SI ^1 5\. The total S2 of frequency components in the range of 4.0-3.0 Hz for time period 
t2 is 9. And total S3 of frequency components in the range of 4.0-3.0 Hz in time period t3 is 13. Accordingly, [S2<S3]. 
Therefore, based on the determination standards cited above, a determination is made that a Hua mai is present. Pulse 

45 type data generator 12 generates data Dk indicating tiiat pulse type data ZD is a Hua mai. 

[0232] In the fourth embodiment, the body motion components are removed by taking advantage of the property of 
body motion it that body motion components are likely to be present in a frequency region which is lower than ttie fun- 
damental frequency component of pulse waveform MH. Thus, it is possible to omit such structures as acceleration sen- 
sor 21 and second wavelet transformer 10B. which were required in the second and third embodiments. Moreover, 

50 accurate detection of the pulse type is possible even when body motion is present. 

1-7: Embodiments 

[0233] In tiie second through fourth entxxiiments, body motion components were removed from tiie results obtained 
55 after performing wavelet transformation on pulse waveform MH, and the pulse type was specified based on the energy 
level of this time-frequency domain. By the way, in wavelet processing, rt is known to be possible to reproduce the sig- 
nals on the time axis by performing inverse wavelet transformation on the result obtained from wavelet transformation. 
The fifth embodiment focuses on this point in order to specify the pulse type on the time axis by performing inverse 
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wavelet transformation on the wavelet- transformed-result from which body motion components have been removed. 
1-7-1 : Structure of Embodiment 5 

[0234] The external structure of the pulse wave diagnosing device according to the fifth embodiment is equivalent to 
the external structure of the first embodiment shown In FIG. 2, so that an explanation thereof will be omitted here. An 
explanation will be made of the electrical structure, however. Note that this example explains the case in which inverse 
wavelet transformation Is employed in the fourth embodiment. However, it is also acceptable to employ inverse wavelet 
transformation in the second or third embodiments to specify the pulse type along the time axis. 
[0235] FIG. 24 is a block diagram of a pulse wave diagnosing device according to the fifth embodiment. The pulse 
wave diagnosing device according to the fifth embodiment differs from that of the forth embodiment shown in FIG. 21 
in that frequency corrector 1 1 is not employed, pulse type determining member 22 is provided in place of pulse type 
data generator 12, and inverse wavelet transformer 20 is provided In between body motion component remover 19 and 
pulse type determining member 22. Tliese points of difference will be explained below. 

[0236] The reason that frequency corrector 1 1 is not provided is k^cause it is not necessary to compare the results 
of wavelet transformation in each time-frequency region since the pulse type is specified from the signal waveform 
along^the time axis in this example. In addition, another reason why frequency corrector 1 1 is not provided is because 
the inverse wavelet transfbrmer reproduces the signal waveform on the time axis by processing the result obtained by 
wavelet transfbrmation. Accordingly, the signal waveform would not be con-ectly reproduced if frequency con-ection 
were performed. 

[0237] Next, inverse wavelet transfbrmer 20 has a complementary relationship with wavelet transfbrmer 10, and cal- 
culates equation 2 below. 
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EQUATION 2 



[0238] Pulse waveform TMH from which body motion components have been removed is obtained based on pulse 
wave data TBD from which body motion components have been removed. For example, when pulse waveform MH 
shown in FIG. 16A is detected by sensor unit 130 for detecting the pulse wave, analyzed pulse wave data MKD 
becomes as shown in FIG. 17 in time period Tc. Next, when the body motion component is removed by body motion 
component remover 19, pulse wave data TBD from which body motion components have been removed shown in FIG. 
23 is obtained. When inverse wavelet transformation Is performed by inverse wavelet transformer 20. then pulse wave- 
form MH' shown in FIG. 160 is generated as pulse waveform TMH from which body motion components have been 
removed. 

[0239] Next, in order to specify the pulse type, pulse type determining member 22 first extracts waveform parameters 
specifying the shape of pulse waveform TMH from which body motion components have been removed. Assuming the 
pulse waveform TMH from which body motion components have been removed during one beat has the shape as 
shown in FIG. 25, then the waveform parameter is defined as below. Note that blood pressure is plotted along the ver- 
tical axis and time is plotted along the horizontal axis in FIG. 21 . 

1) Time te from when tiie pulse wave corresponding to one beat (hereinafter the time at which the pulse wave rises 
will be referred to as the "pulse wave start time") until the pulse wave corresponding to the next beat starts to rise 

2) Blood pressure values y^-ys at maximum point P1 , minimum point P2, maximum point P3, minimum point P4, 
and maximum point P5 appearing sequentially in the pulse wave 

3) Elapsed time t^-ts after the pulse wave start time until each of points P1~P5 appear 

[0240] In order to calculate the waveform parameters, pulse type determining member 22 extracts the so-called peak 
information, i.e., information relating to each of the maximum and minimum points. The content of peak information is 
related to the operation and structure of the pulse type determining member. Accordingly, peak information will be 
explained in detail when explaining the structure of the circuit. 

[0241] FIG. 26 is a block diagram showing the structure of pulse type determining member 22. Numeral 181 in the 
figure indicates a miaocomputer for controlling each of tiie structural parts. 184 is a waveform memory composed of 
RAM. Waveform value W of pulse waveform TMH from which body motion components have been removed is taken up 
via A/D converter 182, and sequentially stored. 195 is a waveform value address counter which starts counting sam- 
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pling dock 4» during the time period in which microcomputer 181 is outputting a START directive to collect the pulse 
waves. Waveform value address counter 195 outputs the counter result as the waveform value address ADR1 at which 
waveform value W is to be written. This waveform value address ADR1 is monitored by microcomputer 181 . 
[0242] The numeral 1 96 indicates a selector. When microcomputer 1 81 is not outputting a select signal SI . selector 
5 196 selects the waveform value address ADR1 output by waveform value address counter 195. and supplies the 
selected waveform value address ADR1 to the address input terminal of waveform memory 184. In contrast, when a 
select signal SI is being output by microcomputer 181. selector 196 selects the readout address ADR4 which is output 
by microcomputer 181, and supplies the selected readout address ADR4 to the address input terminal of waveform 
memory 184. 

10 [0243] The numeral 201 in the figure is a differentiating circuit which calculates the time derivative of the waveform 
values W which are sequentially output from low-pass fitter 183. 

[0244] 202 is a zero cross detecting circuit which outputs zero aoss detection pulse Z when the time derivative of the 
waveform value W is 0 due to the presence of maximum or minimum values. More specifically, zero cross detecting cir- 
cuit 202 is provided to detect peaks PI , P2,... in the waveform of the pulse wave disclosed in FIG. 27. Zero cross detec- 
75 tion pulse Z is output when waveform values W con-esponding to these peaks are input. 

[0245] 203 is a peak address counter. Peak address counter 203 counts zero cross detection pulse Z while miao- 
computer 181 is outputting a START directive to begin collecting the pulse waves. Peak address counter 203 then out- 
puts the counted result as peak address ADR2. 

[0246] 204 is a moving average calculating circuit which calculates the average value of the time derivative of a fixed 
20 number of past waveform values W output from differentiating circuit 201 through the present point in time. The calcu- 
lated result is output as slope Information SLP indicating the slope of the pulse wave up through the current point In 
time. 

[0247] 205 Indicates peak Information menwry provided to store the peak Information which will be explained next. 
Peak information will be explained in greater detail below. Namely, the details of the content of peak Information shown 
25 In FIG. 28 are listed as follows. 

(1) waveform value address ADR1 

[0248] The waveform value address ADR1 is the write address output from waveform value address counter 195 
30 when the waveform value W output from low-pass filter 183 is a maximum or minimum value. In other words, this is the 
write address in waveform memory 184 for waveform value W corresponding to a maximum or minimum value. 

(2) peak type BH* 

35 [0249] The peak type is information indicating whether the waveform value W which is written in waveform value 
address ADR1 is a maximum value T (Top) or a minimum value B (Bottom). 

(3) waveform value W 

40 [0250] This is the waveform value con'esponding to a maximum or minimum value. 

(4) Stroke information STRK 

[0251 ] The stroke information STRK is the amount of change in the waveform value from the immediately preceding 
45 peak value to the peak value of interest. 

(5) slope information SLP 

[0252] This is the average value of the time derivative of a fixed number of past waveform values up tiirough the peak 
50 value of Interest. 

[0253] Next, the operation of pulse type determining member 22 under the control of microcomputer 181 will be 
explained. 

(a) (Collection of waveforms and corresponding peak Information 

55 

[0254] When miaooomputer 1 81 outputs a START directive to collect waveforms, waveform value address counter 
195 and peak address counter 203 are released from resetting. 

[0255] As a result, tiie sampling clock ^ counter is started by waveform value address counter 1 95. The counter. value 
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is supplied to waveform memory 184 via setector 196 as waveform value address ADR1. The pulse wave signals 
detected from the human body are input to A/D converter 182. and sequentially converted to digital signals in accord- 
ance with the sampling clock . These converted digital signals are then sequentially output via low-pass fitter 183 as 
waveform values W. The waveform values W output in this way are sequentially supplied to waveform memory 1 84, and 
5 written in the memory area specified by waveform value address ADR1 at that point in time. As a result of the preceding 
operations, a continuous waveform value W con-esponding to the pulse wavefbmfi is stored in waveform memory 184. 
This continuous waveform value W is shown in FIG. 27. 

[0256] In parallel with the preceding operation, detection of peak information and writing to peak infbnuation memory 
205 are carried out as explained below. 

10 [0257] First, the time derivative of the waveform values W of putee waveform TMH from which body motion compo- 
nents have been removed is calculated at differentiating circuit 201, and then input to zero cross detecting circuit 202 
and moving average calculating circuit 204. Moving average calculating circuit 204 calculates the average value (l e., 
moving average value) of a specified past number of time derivatives each time the time derivative of a waveform value 
W is supplied, and outputs the calculated result as slope information SLR A positive value will be output for slope infbr- 

15 mation SLP when waveform value W is rising or has reached a maximum value. Conversely, a negative value will be 
output for slope information SLP when waveform value W is falling or has reached a minimum value. 
[0258] When waveform value W corresponding to maximum point PI shown in FIG. 27, for example, is output from 
lowi3ass filter 183, 0 is output from differentiating circuit 201 as the time derivative, and zero cross detection pulse Z Is 
output from zero cross detecting circuit 202. 

20 [0259] As a result, miaocomputer 1 81 uptakes the waveform address ADR1 , which is the counter value of waveform 
value address counter 195; waveform value W; peak address ADR2, which is the counter value of the peak address 
counter (here. ADR2=0): and slope information SLP, at that point in time. Further, when zero cross detection pulse Z Is 
output, the counter value ADR2 of peak address counter 203 becomes 1 . 

[0260] Microcomputer 1 81 creates peak type BfX based on the sign of the uptaken slope information SLR In this case, 
25 when the waveform value W of maximum value PI is output, then positive slope information is output at that point in 
time. As a result, microcomputer 181 sets the value of peak information BfT to one corresponding to a maximum value. 
Microcomputer 181 indicates peak address ADR2 uptaken from peak address counter 203 (here ADR2=0) without 
modification as write address ADR3. and writes waveform value W. Its waveform address ADR1. peak type B/T. and 
slope information SLP as the first time peak information in peak information memory 205. When writing first time peak 
30 information, stroke information STRK Is not created or written since there is no immediately preceding peak information. 
[0261] When waveform value W corresponding to minimum point P2 shown in FIG. 27, fbr examp\e, is subsequently 
output from low-pass filter 183, zero cross detection pulse Z is output in the same way as at>ove, and write address 
ADR1, wavefbmi value W, peak address ADR2 (=1). and slope information SLP (<0) are taken up by miaocomputer 
181. 

35 [0262] Next, in the same way as above, microcomputer 1 81 determines the peak type B/T (B, in this case) based on 
slope information SLR Next, the address which is 1 less than peak address ADR2 Is read out by microcomputer 181 . 
and supplied to peak information memory 205 as address ADR3. The waveform value W which was written first is then 
read. Next, microcorrputer 181 calculates the difference between waveform value W taken up at the current time from 
the low-pass filter 183 and the waveform value W read out from peak information memory 205 that was first taken up, 

40 thereby obtaining stroke information STRK. The thus obtained peak type B/T and stroke information STRK are written 
in the memory area con'esponding to peak address ADR3b1 in peak information memory 205 as second time peak 
information together with other Information such as waveform value address ADR1 , waveform value W and slope infbr- 
mation SLR The same operation is then carried out when peaks P3, P4.... are detected. 

[0263] Once a specific period of time has elapsed, microcomputer 181 stops outputting the waveform collection direc- 
45 tive START, and the collection of waveform value W and peak information terminates. 

(b) Pulse waveform partitioning processing 

[0264] Microcomputer 181 carries out processing to specify from among the various information stored in peak infbr- 
50 mation menx)ry 205 the information corresponding to the waveform of a single beat at which waveform parameter col- 
lectk)n is carried out. 

[0265] First, slope Information SLP and stroke Information STRK corresponding to each of the peaks PI . P2,... are 
sequentially read out from peak information memory 205. Next, stroke information corresponding to positive slopes is 
selected from each stroke information STRK (i.e., the corresponding slope Information SLP which is positive). A spec- 
55 If led number of the largest values are then selected from among this stroke information. Next, stroke information conre- 
sponding to medium values is selected from among the selected stroke information, and the stroke information for the 
rising portion (fbr example, the rising portion indicated by symbol STRKM in FIG. 27) of the pulse wave of one beat at 
which waveform parameter extraction is to be carried out is obtained. Next, the peak address immediately preceding 
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the peak address of this slope information (i.e.. the peak address at point P6. the initiation of the pulse wave of one beat 
at which waveform parameter extraction is to be performed) is obtained. 

(c) Extraction of waveform parameters 

5 

[0266] Microcomputer 181 calculates each waveform parameter by referencing each peak information corresponding 
to the pulse wave of one beat recorded in peak information memory 205. This processing may be obtained as follows. 

(1) blood pressure values yi-ys 

10 

[0267] The waveform values corresponding to peaks P7~P1 1 are designated as Vi-ys respectively 

(2) timeti 

IS [0268] The waveform address corresponding to peak P6 is subtracted from the waveform address con-esponding to 
peak P7. ti is calculated by multiplying the period of the sampling clock with this result. 

(3) timet2-l6 

20 [0269] As in the case of t^ above, t2~t6 are calculated based on the difference in the waveform addresses between 
each of the corresponding peaks. 

[0270] Further, each of the waveform parameters obtained in this way are stored in the buffer memory inside miao- 
computer181. 

25 (d) Pulse type determination based on waveform parameters 

[0271] Next, processing to determine the pulse type based on the waveform parameter will be explained witii refer- 
ence to the flow chart shown in FIG. 29. 

30 d-1 : Operation for calculating waveform width Wt of main wave 

[0272] Peak information as described above consists of time periods t^ -ts, blood pressure y^ ~y4, and period t^ of the 
waveform for waveform peaks P1-P5 shown in FIG. 25. In general, tiie pulse waveform is formed of a main wave (cor- 
responding to peak P1 ) caused by the initial rise, a tidal wave (corresponding to peak P3) which follows the main wave, 

35 a dicrotic notch (from P3 to P4), and an overlap wave (corresponding to peak P5). The main wave corresponds to the 
acute ejection period in tiie left ventricle. The tidal wave is formed according to the correlation between the elastic 
expansion of the aorta and tiie reflected wave at the periphery. The dicrotic notch expresses tiie pressure of the aorta 
during diastole of tiie left ventricle, and con'esponds to diastolic pressure. The overlap wave is the wave due to return 
flow accompanying closing of the aortic valve. 

40 [0273] Microcomputer 1 81 determines the type of pulse wave based on peak information as described below. Before 
this, however, Wt shown in FIG. 25 is calculated. Wt is tiie waveform width at a position which is 1/3 the height y1 of the 
main wave. In FIG. 21 , microcomputer 1 81 calculates 2*y1/3 (step S300). and sequentially compares tiie results of this 
calculation with the wave height value read out from waveform memory 184. The waveform address at ttie point where 
both coincide is stored in a buffer memory inside miaocomputer 181 (step S301). As a result, tiie time intervals for 

45 points Qa.Qb are determined, and ttie waveform widtii Wt of the main wave is calculated by calculating the difference 
between tiie two (step S302). 

d-2: Operation to determine type of pulse 

50 [0274] Next, microcomputer 181 determines the type of pulse as follows. 

(1) Since the tidal wave is fused to the main wave as shown in FIG. 11. Xuan mai is characterized in that 1) ttie 
main wave widens and 2) tiie height of the tidal wave is relatively high compared to ttie height of the main wave. 
Thus, microcomputer 181 calculates ttie following relational equations (55)~(59). and determines that a Xuan mai 
55 is present when these relationships are met (step S303). 

0.20<Wt/l<0.28 (55) 
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y3/yU0.7 (56) 

y4/y1^0.5 (57) 

(y5-y4)yyi<0.03 (58) 

t1<0.12 (59) 

(2) A Ping mai is formed of a three-peak wave consisting of a main wave, tidal wave, and overlap wave, as shown 
in FIG. 12. Thus, microcomputer 181 calculates the following relationships (60)-(64), and determines that a Ping 
mai Is present when these relationships are met (step S304). 



Y3/y1<0.7 




(60) 


y3/y1 >y4/y1 




(61) 


0.3Sy4/y1<0.5 




(62) 


(y5-y4)/yi>0.05 




(63) 


0.12<Wt/l<0.2 




(64) 



(3) Hua mai is two-peaked waves in which the main wave and the tidal wave are almost entirely superimposed, as 
shown in FIG. 13. Thus, microcomputer 181 calculates the following relational equations (65)~(68), and deter- 
mines that a Hua mai is present when these relationships are satisfied (step S305). 

0.2<y3/y1<0.4 (65) 

0.2<y4/yi<0.4 (66) 

(y5-y4)/y1>0.1 (67) 

Wt/k<0.20 (68) 

[0275] When the type of pulse type is specified in this way. pulse type determining member 22 generates pulse type 
data ZD showing the pulse type (step S306). Note that error processing is performed when the wave does not corre- 
spond to Xuan mai. Ping mai or Hua mai (step S306). 

[0276] In the fifth embodiment, wavelet transformation is performed on pulse waveform MH, the body motion compo- 
nents are removed by exploiting the properties of body motion, and pulse waveform TMH from which body motion com- 
ponents have been removed is reformed. As a result, body motion components functioning as noise components can 
be removed. Thus, even when body motion Is present, it is possible to accurately detect the pulse type using the signal 
waveform. 

1 -8: Modifications for Chapter 1 

[0277] The present invention is not limited to the above described embodiments. Ratiier. a variety of modifications are 
possible as follows. 

1-8-1 : Omission of frequency con-ecting means 

[0278] In the embodiments in Chapter 1 , tiie frequency correcting means was employed for comparing energy in dif- 
ferent frequency regions. However. It is also acceptable to focus on a given frequency region, and specify the pulse type 
based on tiie energy level tiiereof. 

[0279] For example, when the frequency correcting means is omitted in tiie first embodiment, then an arrangement 
is acceptable in which the wavelet transforming means performs wavelet transfonnation on pulse waveform MH 
detected by pulse wave detection sensor unit 1 30, generates analyzed pulse wave data MKD for each frequency region, 
performs calculations on tiie analyzed pulse wave data MKD. and generates pulse type data ZD indicating tiie type of 
pulse waveform. 
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[0280] In the case where the frequency con-ecting means is omitted from the second and third embodiments, when 
pulse waveform MH is detected by pulse wave detection sensor unit 1 30, first wavelet transformer 1 0A performs wavelet 
transformation on pulse waveform MH, and generates analyzed pulse wave data f^KD for each frequency region. When 
body motion waveform TH Is detected by acceleration sensor 21. second wavelet transformer 10B performs wavelet 
5 transformation on body motion waveform TH, and generates analyzed body motion data TKD for each frequency 
region. Mask 18 subtracts analyzed body motion data TKD from analyzed pulse wave data MKD. and generates cor- 
rected pulse wave data MKD" from which body motion components have been removed. Pulse type data generator 12 
then performs calculations on connected pulse wave data MKD". and generates pulse type data ZD Indicating the type 
of pulse waveform MH. 

10 

1-8-2: Other examples of removal of body motion components 

[0281 ] In the fifth embodiment, pulse waveform TMH from which body nxition components have been removed was 
generated by performing inverse wavelet transformation on the output from body motion component renrrover 19. How- 

15 ever, since this invention evaluates the pulse type along the time axis by reconstructing a wavelet in which body motion 
components have been removed, the present invention is not limited thereto. Rather, provided that inverse wavelet 
transformation is performed based on the wavelet from which body motion components have been removed, any 
arrangement is acceptable. For example, rt is also acceptable that, when pulse waveform MH is detected by piitse wave 
detection sensor unit 1 30. first wavelet transformer 1 0A performs wavelet transformation on pulse waveform MH to gen- 

20 erate analyzed pulse wave data for each frequency region. When body motion waveform TH is detected by acceleration 
sensor 21 , second wavelet transformer 1 0B performs wavelet transformation on body motion waveform TH. to generate 
analyzed body motion data TKD in each frequency region. Subsequently, mask 1 9 subtracts analyzed body motion data 
TKD from analyzed pulse wave data MKD, to generate corrected pulse wave data MKD" from which body motion com- 
ponents have been removed. Inverse wavelet transformation is then perfbmfied on this corrected pulse wave data 

25 MDK". 

1-8-3: Filter bank employed in wavelet transformation 

[0282] In the preceding embodiments, wavelet transformers 10. 10A. and 108 were provided with a base function 
30 developer W which performed wavelet transformation. However, the present invention is not limited thereto. Rather, it is 
also acceptable to realize wavelet transformation using a filter bank. An example of the structure of a filter bank is 
shown in FIG. 30. In this figure, the filter bank is conrposed of three stages, with the fundamental units being high-pass 
filter 1 A and decimation filter 1C. and low-pass filter IB and decimation filter 1C. High-pass filter lA and low-pass filter 
1B are designed to partition a given frequency region, and output a high-pass frequency component and a low-pass 
35 frequency component, respectively. This example assumes a range of 0Hz~4Hz for the frequency region of pulse wave 
data MD, so that the transmission region of the first high-pass filter 1 A is set to 2Hz~4Hz. while the transmission region 
of the first low-pass filter 1 B Is set to 0Hz-2Hz. Decimation filter 1 C weeds out data in each sample. 
[0283] The thus generated data is supplied to the next stage, and partitioning of the frequency region and data weed 
out are repeated, with data Ml -M8 ultimately obtained in which the 0Hz-4Hz frequency region Is partitioned into 8 
40 parts. 

[0284] The high-pass filter 1 A and low-pass filter 1 B may be composed of a transversal filter which includes a delay 
element (D flip-flop) inside. The human pulse rate is in tfie range of 40--200 beats. The fundamental frequency of pulse 
waveform MH fluctuates moment by nnoment in response to physiological state. If it is possible to vary the region to be 
partitioned in synchronization with the fundamental frequency, then it is possible to obtain dynamic information which 
45 tracks the physiological state. Therefore, a dock supplied to the transversal filter may be timed to pulse waveform MH, 
thereby varying the region to be partitioned appropriately. 

[0285] Of analyzed pulse wave data MKD, the frequency components of the fundamental wave, second harmonic 
wave and third harmonic wave are the representative frequency components which express tiie characteristics of pulse 
waveform MH. Accordingly, a portion of the output data M1-M8 of the filter bank may be used to can'y out pulse type 
50 determination. In tills case, if the f ifter bank is designed so as to be synchronous with pulse waveform MH, then it is 
possible to omit a portion of the high-pass filter 1 A, low-pass filter 1 B and decimation filter 1 C, thereby simplifying tiie 
structure. 

1 -8-4: Filter bank employed in inverse wavelet transformation 

55 

[0286] When wavelet transfbnner 1 0 is formed of the filter bank shown in FIG. 30 in the fifth embodiment, then inverse 
wavelet transformer 20 may be formed of the filter bank shown in FIG. 31 . In this figure, the filter bank is formed of tiiree 
stages with tiie fundamentals unit being high-pass filter 2A and interpolating filter 20. and low-pass filter 1 B and inter- 
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polating filter 2C, and adder 2D. High-pass fitter 2A and low-pass filter 2B are designed to partition a given frequency 
region, and output a high-pass frequency component and a low-pass frequency component, respectively. Interpolating 
filter 2C interpolates one sample out of every twa 

[0287] In order to reproduce the waveform, it is necessary to use an exact reconstruction filter bank for the filter banks 
5 shown in FIGS. 30 and 31 . In this case, the characteristics of high-pass filters 1 A.2 A and low-pass filters 1 B.2B must 
have the following relationships. 

H0(-Z)F0{Z)+H1{-Z)F1(2)=0 

10 H0(Z)F0(Z)+H1 (-Z)F1 {Z)=2Z 

[0288] High-pass fitter 2A and low-pass filter 2B may be formed of a transversal filter which includes a delay element 
(D f tip-flop) inside. Note that the fitter bank employed in wavelet transformer 10 is synchronized with the fundamental 
frequency of pulse waveform MH. and varies the regions that are partitioned. Thus, when the supplied clock is synchro- 
15 nized with pulse waveform MH. this clock may be supplied to high-pass filter 2A and low-pass filter 2B. 

1-8-5: Automatic adjustment of the frequency region subjected to frequency analysis 

[0289] The body motion waveform TH was detected using an acceleration sensor 21 in the second and third embod- 
20 iments. When body motion is detected, the fundamental frequency of pulse waveform MH is higher because the subject 
is in a state of motion. This pulse waveform MH undergoes frequency analysis at first wavelet transformer IDA. How- 
ever, if the frequency region which is subjected to frequency analysis is fixed, then it may be difficult to fully analyze the 
characteristic portions of pulse waveform MH. For example, when an individual in which the fundamental frequency of 
pulse waveform MH at rest is 1Hz goes running, the fundamental frequency of pulse waveform MH changes to 2Hz 
25 (corresponding to a pulse rate of 1 20). By carrying out wavelet transformation within the region 0~4Hz explained above 
in the second embodiment it is possible to can-y out frequency analysis through the third higher harmonic wave of pulse 
waveform MH. However, since the third harmonic wave reaches 6Hz during running, it becomes impossible to can'y out 
frequency analysis. 

[0290] Therefore, the exercise quantity may be obtained based on the body motion waveform TH, with the first and 
30 second wavelet transformers 1 0A, 1 0B being controlled so that the frequency region in which wavelet transformation is 
canried out shifts to a higher region as the amount of exercise increases. 

[0291 ] When formi ng the first and second wavelet transformers 1 0A, 1 0B from filter banks as described above, control 
of the dock frequency may be carried out in response to the amount of exercise. In other words, it is acceptable to carry 
out conventional feed back control so that the dock frequency becomes higher as the amount of exerdse Increases. 

35 [0292] During running, the pitch of body motion waveform TH indicates the pitch of the return cycle of the runner's 
arms, and has a constant relationship with the pitch of the stride of the feet. Typically, two steps are taken wrth each 
swing of the arms. Further, the exercise quantity can be shown as the product of running speed and length of step. In 
general, as running speed is increased, the pitch tends to increase while the length of step tends to decrease. Accord- 
ingly, there is a constant relationship between the body motion waveform TH and exercise quantity For example, FIG. 

40 32 shows both the relationship between pulse rate and running speed when running on the ground, and the relationship 
between running pitch and running speed. As shown in this figure, it is clear that the pulse rate and running pitch of the 
test subject increase as the running speed increases. Namely, when the running pitch increases, the exerdse quantity 
and the pulse rate increase accompanying this. Accordingly, the relationship between exercise quantity and the pitch of 
the body motion waveform TH may be measured In advance, and stored in a table, with the exercise quantity calculated 

45 by referring to this table. 

1-8-6: Other examples of notifying means 

[0293] In the preceding emtxxliments, display 13 was explained as an example of a notifying means. In addition, how- 
50 ever, the following arrangements described below may also be cited as means for providing notification between the 
device and the indivKlual. These means may be appropriately categorized on the basis of the five senses. These means 
may of course be used alone, or in combination with one another. As explained below, if a means is employed which 
relies on a sense other than sight, then it is possible for even a visually-impaired individual to understand the details of 
the notification. Similarly, if a means is employed which relies on a sense other than hearing, then notification can be 
55 canried out to a hearing-impaired individual. As a result, it is possible to compose a device which is superior for use by 
a physically-disabled subject. 

[0294] In the case of a notifying means which relies on the sense of hearing, arrangements are available for informing 
the subject of the results of pulse type analysis and diagnosis, or for warning the subject. In addition to buzzers, other 
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examples include a piezoelement or a speaker. As a specialized example, a means may also be considered in which 
the person to be informed is provided with a portable pager, and notification is candied out by paging from a device. 
When carrying out notification to a subject using this kind of equipment, it is frequently desired to communicate some 
sort of information along with the notice. In this case, information such as volume levels may be changed in response 
5 to the details of the information to be communicated. For example, the pitch, volume, tone, sound, or type of music (pro- 
gram, etc.) may be changed. 

[0295] Next a means relying on sight may be employed when the objective is to inform the subject of various meas- 
ured results or messages from the device, or to provide a warning. The following equipment may be considered as such 
types of means. For example, a display device. CRTs (cathode ray tube display device), LCDs (liquid aystal display), 

10 printers, X-Y plotters, and lamps are available. A lens projector is also availat}le as one type of specialized display 
device. Further, the following variations may also be considered when providing notification. For example, separate 
analog or digital displays in the case of notification involving numerical values, display using graph, addition of contrast 
to a display color, bar graph display where providing notification of a numerical value as Is or applying a grade to a 
numerical value, circular graph, or a face chart are available. In the case of a face chart, an elderly person's face may 

75 be used to indicate a Xuan mai, a healthy young person's face may be used to indicate a Ping mai, and an unhealthy 
young person's face may be used to indicate a Hua mai. for example. 

[0298] A means relying on the sense of touch may also be considered for providing a warning. Examples thereof 
include the following: electrical stimulation In which a form memory alloy projecting outward from the rear surface of a 
portable device such a wrist watch is provided, with electricity passed through this form memory alloy; and mechanical 

20 stimulation in which a retractable projection (such as a needle-shaped object which is not very pointed) may be formed 
to the rear of a portable device such as a wrist watch, and stimulation may be administered via this projection. 
[0297] A notifying means relying on the sense of smelt is also acceptable. Namely, an emitting mechanism for emitting 
a fragrance is provided to the device, a correspondence is formed between the notification details and the scent, and 
the device emits a fragrance in response to the notification contents. A micropump or the like Is optimally employed for 

25 the mechanism for emitting fragrance or the like. 

1 -8-7: Modifications for pulse wave detector 

[0298] In the preceding embodiments, pulse wave detection sensor unit 130 was cited as one example of pulse wave 
30 detecting means f 1 . However, the present invention is not limited thereto. Rather, any arrangement is possible provided 
that It is capable of detecting the pulse wave. 

1-8-7-1 : Detection method 

35 1 -8-7-1 -1 : Transmitted light method 

[0299] Pulse wave detection sensor unit 1 30 employed reflected light, however, it is also acceptable for it to use trans- 
mitted tight. It tends to be difficult for light in the 700 nm wavelength region or lower to pass through the img&r tissue. 
For this reason, when transmitted light is employed, light having a wavelength of 600 to 1000 nm is irradiated from the 
40 light emitting element with the irradiated tight being transmitted in the order of tissue -> blood vessels -> tissue. The 
change in the amount of light transmitted is then detected. Since the transmission light is subject to absorption by the 
hemoglobin in the blood, it is possible to detect the pulse waveform by detecting the change in the quantity of the trans- 
mitted light. 

[0300] A InCBaAs-type (iridium-gallium-arsenic) or GaAs-type (gallium-arsenic) laser emitting diode may be suitably 
45 employed for the light emitting element Since outside light of wavelength 600 to 1000 nm passes readily through the 
tissues, the S/N of the pulse wave signal will deteriorate if outside light incidences on the light receiving element. There- 
fore, laser light which has been polarized from the light emitting element may be radiated, with the transmitted light 
received at the light receiving element via a polar light fitter. As a result, there is no impact from outside light, so that the 
pulse wave signal can be detected at a good S/N ratio. 
50 [0301] In this case, as shown in FIG. 32A. a light emitting member 230 is provided to belt-shaped fastener 145, and 
a light emitting member 231 is provkJed to the side of the main body of the wrist watch. Light emitted from emitting mem- 
ber 200 passes through blood vessel 143. and then travels between the radius 232 and the ulna 233 to reach the light 
receiving element 231 . Since it is necessary that the radiating light pass through the tissue in the case where employing 
transmitted light, a wavelength of 600 to 1000 nm is desirable in view of absorption by the tissues. 
55 [0302] FIG. 32B shows an example in which the detection site is at the earlobe. Gripping member 234 and gripping 
member 235 are biased by means of a spring 237, and are designed to rotate around axis 236. Light emitting element 
230 and light receiving element 231 are provided to gripping member 234 and gripping member 235. When employing 
this pulse wave detector, the pulse is detected by gripping the earlobe between gripping members 234 and 235. Note 
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that when emplp/ing reflected light, it is also acceptable to detect pulse waveform MH at the fingertip as shown in FIG. 
32C. 

1-8-7-1-2: Pressure sensor method 

5 

[0303] Next, an example in which pulse waveform MH is detected using a pressure sensor will be explained. FIG. 33A 
is an orthogonal view showing the external structure of a pulse wave diagnosing device employing the pressure sensor 
shown in FIG. 33A. As shown in the figure, pulse wave diagnosing device 1 is provided with a pair of bands 144.144. 
An elastic rubber piece 131 of pressure sensor 130a projects outward from the fastening side of a bett-shaped fastener 
10 1 45 which is provided to one of bands 1 44. 1 44. Although not shown in detail in the figure, band 1 44 provided with belt- 
shaped fastener 145 is designed so that the FPC (flexible printed circuit) substrate which is to supply the detection sig- 
nal from pressure sensor 130 is coated with a soft plastic. 

[0304] As shown In FIG. 33B, when in use. wrist watch 146 incorporating this pulse wave detector Is wrapped around 
the left wrist 147 of a test subject so that the elastic rubber 131 provided to belt-shaped fastener 145 is positioned In 
75 the vicinity of radius artery 1 43. enabling constant detection of the pulse wave. Further, the operation to wrap this device 
around the arm of the subject is equivalent to that when using an ordinary wrist watch. When elastic rubber 131 is 
pressed against the vicinity of the subject's radius artery 143. changes in arterial blood flow (i.e., the pulse wave), are 
propagated to pressure sensor 1 30a via elastic rubber 1 31 , and detected as the blood pressure. 

20 1 -8-7-2: Anangement for use 

1-8-7-2-1: Eyeglasses 

[0305] An explanation will now be made of the case where a photoelectric pulse wave sensor is incorporated in a pair 
25 of eyeglasses. Further, this embodiment employs a structure in which a display device is also incorporated as a notify- 
ing means for informing the subject. Accordingly, the function of this display device will be explained together with the 
function of the pulse wave detector. 

[0306] FIG. 34 is an orthogonal view showing an arrangement in which a device connected to a pulse wave detector 
is attached to a pair of eyeglasses. As shown in this figure, the main body of the device is divided into main body 75a 
30 and main body 75b which are attached respectively to the stems 76 of the eyeglasses. These main bodies are electri- 
cally attached via a lead wire embedded inside stems 76. 

[0307] Main body 75a houses a display control circuit. A liquid aystal panel 78 Is provided across the entire lateral 
surface of the lens side of lens 77 of main body 75a. A mirror 79 is fixed at a specific angle at one edge of this lateral 
surface. A drive circuit for liquid crystal panel 78 which includes a light source (not shown) and a circuit for aeating dls- 

35 play data are incorporated in main body 75a. The light emitted from this light source passes via liquid crystal panel 78, 
and Is reflected at mint)r 79 to incident on lens 77 of the eyeglasses. Further, the main portion of the device is incorpo- 
rated in main body 75b, with a variety of buttons provided on the top surface thereof. The functions of these buttons 
80,81 differ In each device. LED 32 and photo transistor 33 (see FIG. 3) which form the photoelectric pulse wave sensor 
are housed in pads 82,83. with pads 82,83 fixed to the ear lobes of the subject. These pads 82,83 are electrically con- 

40 nected by lead wires 84,84 which are pulled out from main body 75b. 

1-8-7-2-2: Necklace 

[0308] The case where a photoelectric pulse wave sensor is modified into a necklace will now be explained. For exam- 

45 pie, the entire device may be formed into the necklace shown in FIG. 35. 

[0309] In this figure. 1601 is a sensor pad, and Is comprised, for example, of a shock absortxng material such as a 
sponge. Pulse wave detection sensor unit 130 is attached In the middle of sensor pad 1601 so as to come in contact 
with the skin surface. As a result, when this necklace is worn around the neck, pulse wave detection sensor unit 130 
comes in contact with the skin at the back of the neck, enabling measurement of the pulse wave. The main portion of 

50 the device is incorporated inside case 1602 which is hollow and resembles a brooch. Button switches tor performing 
various settings for the LED, photodiode, etc. for communications are provided as needed to the rear surface of case 
1602 (not shown). Pulse wave detector 101 and case 1602 are attached respectively to a chain 1603. and are electri- 
cally connected via a lead wire (not shown) embedded inside chain 1603. 

55 1-8-7-2-3: Card 

[0310] The card an'angement shown In FIG. 36 will now be considered as another embodiment. This device in the 
form of a card is designed to be held in the left breast pocket of a shirt worn by the test subject. The pulse wave detector 
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is formed of a piezomike 130b provided to the card surface, and Is provided so as to face the skin surface of the test 
subject and detect the pulse rate by detecting the test subject's pulse. Numeral 208 indicates a notifying member for 
informing the subject by means of an alarni or a voiced sound. In the case of a pulse wave detector formed using a mike 
in this way. however, the emitted sound will be detected when notifying member 208 generates an alarm or voiced 
5 sound. Accordingly, it is necessary to provide processing so that the CPU provided inside the device does not perform 
pulse rate detection using piezomike 130b when the alarm is sounded. 

1-8-7-2-4: Pedometer 

10 [0311] A pedometer as shown in FIG. 37A may be considered as another embodiment. Device main body 1900 of 
this pedometer is attached to a waist belt on the test subject, as shown in FIG. 37B. Pulse wave detection sensor unit 
130 in this embodiment is attached between base and second joint of the index finger on the test subject's left hand, 
similar to the wrist watch arrangement shown in FIG. 2. It is desirable to sew cable 120 for joining device main body 
1900 and pulse wave detection sensor unit 130 into the collar so as not to hinder the test subject during exercise. 

IS 

1-8-8: Modification of first wavelet transformer 10A 

[0312] First wavelet transformer 10A in the second embodiment may be formed as shown in FIG. 38. 

[0313] In FIG. 38. amplitude value PP is detected when body motion waveform TH is supplied to amplitude detecting 

20 circuit 225. This amplitude value PP is conpared with reference value REF by comparing member 226. Comparing 
member 226 generates a low-level control signal when amplitude value PP exceeds reference value REF, and a high- 
level control signal when amplitude value PP is below reference value REF This control signal indicates the presence 
or absence of body motion. Namely, body motion is present when the control signal is at a tow level, but is absent when 
the control signal is at a high level. Here, reference value REF is determined in advance by experiments to enable dis- 

25 crimination between the presence and absence of body motion. Gate circuit 227 applies a gate to pulse waveform MH 
based on the control signal. Specifically, pulse waveform MH may be supplied to the ringing filter when the control signal 
is at a high level, but not supplied to the ringing filter when the control signal is at a low level. As a result. It is possible 
to mask pulse waveform MH during the time interval when kxxly motion is present. 

[0314] The Q value of the ringing filter 101 in this case is set to be high, so that even it the supply of pulse waveform 
30 MH is stopped for a fixed period of time, it is possible to continue outputting a sinusoidal wave which is continuous with 
the waveform output prior to the cessation of supply of pulse waveform MH. Accordingly, even If body motion Is present, 
it is possible to calculate tiie period of pulse waveform MH, and can'y out wavelet transfbnnatlon based on the result of 

this calculation. 

35 1 -8-9: Use of result of wavelet transformation to obtain various physiological information 

[031 5] In the preceding embodiments, the pulse type was determined by performing wavelet transformation on pulse 
waveform MH. however, it is also acceptable to use the results of wavelet transformation in order to obtain various phys- 
iological information. 

40 

1-8-9-1 : Determining degree of relaxation 

[031 6] It is acceptable to detect the degree of relaxation by analyzing the pulse waveform or the electrocardiogram, 
for example. 

45 [031 7] In an electirocardiogram. tiie intenml between the R wave of one heart beat and the R wave of the next heart 
beat is referred to as the RR interval. This RR interval is a numerical value which serves as an indicator of the function- 
ing of the autonomic nervous system in the human body. FIG. 39 shows heartbeat and the RR interval obtained from 
the waveform of this heartbeat in an electrocardiogram. As may be understood from this figure, an analysis of the meas- 
ured results in an electrocardiogram reveals that the RR Interval varies over time. 

so [0318] On the otiier hand, variation in blood pressure measured at the radius artery or tiie like, is defined as the var- 
iation In blood pressure at each beat from contraction to relaxation of the heart, and corresponds to variation in the RR 
interval in an electrocardiogram. FIG. 40 shows the relationship between tiie electrocardiogram and blood pressure. As 
may be understood from this figure, ttie blood pressure during each contraction and relaxation in a heart beat can be 
measured as tiie maximum value of arterial pressure, and the minimum value immediately preceding ttiis maximum 

55 value in each RR interval. 

[0319] By can'ying out spectral analysis of variations in heart beat or t>lood pressure, it may be understood tiiat ttie 
variations are conrposed of waves having a plurality of frequencies. These may be classified into tiie following tiiree 
types of variation components. 
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1 . HF (high frequency) oomponent which is the variation coinciding with respiration 

2. LF (low frequency) component which varies with a periodicity of around 10 seconds 

3. Trend which varies with a frequency which is lower than the measurement limits 

5 [0320] In order to obtain these components, the RR interval between neighboring pulse waves is obtained tor each 
measured pulse wave, and the discrete value of the obtained RR inten/al is interpolated using a suitable method (for 
example. 3rd order spline interpolation) (see FIG. 39). An FFT operation is carried out on the curved lined after inter- 
polation, followed by spectral analysis. As a result, it is possible to pick out the variation component as a peak on the 
frequency axis. FIG. 41 A shows the waveform of variation in the RR interval of a measured pulse wave and the wave- 

10 form of each of the components of variation in the case where the waveform of variation is segregated into the three 
frequency components noted above. FIG. 41 B shows the results of spectral analysis on the waveform of variation in the 
RR interval shown in FIG. 41 A. 

[0321 ] As may be understood from this figure, peaks are apparent at two frequencies near 0.07 Hz and 0.25 Hz when 
the subject is at rest for example. The former frequency value is the LF component, while the latter is the HF compo- 
15 neni The trend component cannot be read in the figure because it is below the limit for measurement 

[0322] The LF component is related to the activity of the sympathetic nervous system. The larger this component, the 
greater the increase in tension (or state of arousal). On the other hand, the HF component is related to the activity of_- 
the parasynpathetic nervous system. The larger the amplitude of this component, the vnore relaxed the state (or the 
degree of sedation). 

20 [0323] The amplitude values for the LF and HF components will vary according to the individual. Accordingly, with this 
in mind, the ratio LF/HF, which ^ the ratio of the amplitudes of the LF and HF components, is useful to estimate the sub- 
ject's degree of tension. When the value of LF/HF is large, than the degree of tension is high, while when LF/HF is small, 
the degree of tension is low Indicating the subject is relaxed. 

[0324] RR50 is defined by the number at which the absolute value of the pulse wave interval corresponding to the RR 
25 interval for two consecutive heart beats varies by 50 milliseconds or more, when measurements of pulse wave are car- 
ried out over a prespecified period of time. The larger the value of RR50. the more sedate the subject is, while the 
smaller the value of RR50, the more aroused the subject Is. 

[0325] Accordingly, it is also acceptable to calculate LF and HR by performing wavelet transformation on the electro- 
cardiogram and pulse waveform, and then calculating the degree of relaxation based on this result. Since the electro- 
30 cardiogram and pulse waveform rise sharply on each beat, when wavelet transformation is performed on the 
electrocardiogram or pulse wavefbrm, the high-pass frequency component becomes larger in the rising portion. There- 
fore, the degree of relaxation may be detected by determining the RR interval from the change in the high-pass fre- 
quency components, and calculating the RR50 based on this RR interval. 

35 1 -8-9-2: Doze prevention 

[0326] In recent years, numerous accidents have occun-ed due to drivers dozing off while operating an automobile. A 
variety of devices have been proposed to prevent this from occurring. One example which may be considered is a 
device attached to the steering wheel. In this device, conductors are attached to the left and right sides of the steering 

40 wheel, and measurements of the driver's resistance are made by having both of the driver's hands in constant contact 
with the conductor. If the driver dozes off and his hand falls from the steering wheel, the resistance value between the 
conductors changes. As a result, it is perceived that the driver has dozed off. and a warning sound is issued to the 
driver. In this way, it becomes possible to prevent an accident from occurring due to dozing off by the driver. 
[0327] Other devices may employ changes in heart beats obtained from measurements in the electrocardiogram of 

45 the driver, or changes in the driver's respiration. 

[0328] However, in the method described above in which conductors are attached to the steering wheel. It is not pos- 
sible to accurately monitor for a doze state when the driver Is driving with just one hand, or Is wearing gloves. /\dditlon- 
ally, in the methods employing changes in heart beat or respiration, the devices used are large, and thus not convenient 
for the driver to can'y about with him. 

50 [0329] Howa/er, the doze state may also be detected by analyzing the alertness level of the human body from the 
results obtained from wavelet transformation of the pulse waveform. 

[0330] A doze prevention device employing wavelet transformation is principled on the correlation relationship which 
exists between the information included in the pulse wave and the level of alertness in the human body in order to detect 
the subject's doze state. In this case, a number of measured quantities obtained from the pulse wave are employed as 
55 indices to determine the level of alertness in the human body. LF, HF, [LF/HF] and RR50 will be employed as specific 
examples below. From the at»ove conrelation relationship, the physiological state becomes more sedate as the doze 
state becomes deeper. RR50. for example, is believed to gradually become larger as the doze state progresses. 
Accordingly, it is possible to detect a doze state by detecting the change in these indices. 
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2. Chapter 2 
2-1: Summary 

5 [0331] In general, if an individual (test subject) who is performing exercise is able to know the exercise intensity at a 
given point in time, then it becomes possible to exercise in accordance with an exercise plan, or to apply this knowledge 
to pacing during various competitions. 

[0332] There are a variety of methods for expressing exercise intensity. They can be broadly divided into three types: 
an absolute method using numerical values showing the work rate, exercise pitch, etc.; a relative method using pulse 

10 rate, etc.; and a method combining these. 

[0333] Even when exercise intensity is not calculated, some sort of subjective evaluation (i.e., "difficult", "easy**) is per- 
formed when exercising. Thus, a variety of training is typically performed by the subject determining the exercise inten- 
sity at a point in time based on his own subjective evaluation. For example, by continuing exercise at an intensity which 
is not difficult, so that the subject still perceives a psychological surplus, it is possible to improve the maximum oxygen 

15 uptake quantity (see Sindo, M., Exercise Values for Promoting Health, Hoken-No-Kagaku, Vol. 32. No. 3, 1990.). 
[0334] Thus, exercise at a given intensity is regularly carried out during various forms of training, with tiie current exer- 
cise intensity determined from a sut)iective evaluation as described above. 

[0335] However, exercise IntensityHetermined based on a sut)jective evaluation does not take into consideration 
physical strength. Accordingly, it cannot be deemed an appropriate evaluator. 
20 [0336] With the exception of tiie relative method, exercise intensity expressed by the above metiiods quantitatively 
expresses the physical intensity of the exercise performed by tiie subject at a given point in time, and does not take into 
consideratk)n tiie subject's physical or psychological sti-ength. At the same time, relatively expressed exercise intensity 
takes into consideration tiie subject's physical strer^gth. but not his psychological strength. 

[0337] Accordingly, even if exercise is performed using an exercise intensity determined in this way as tiie exercise 
25 Index, since the subject's physical and psychological strengths are not directly related, such problems may occur as the 
subject over-extending himself at too strong an exercise intensity, or exercising too mildly so ttiat no training effect is 
achieved. 

[0338] Accordingly. Chapter 2 provides an exercise index measuring device that measures tiie exercise intensity 
required during training to improve endurance which comprehensively takes into consideration tiie subject's physical 
30 and psychological strength during exercise, and then informs tiie subject of this exercise intensity. 

[0339] Second, an exercise index measuring device which informs the subject of a quantified exercise index for the 
exercise intensity which has been determined after conrtprehensively taking into consideration tiie subject's physical 
and psychological strengtii is provided. 

[0340] Third, an exercise index measuring device Is provided which enables the subject to easily reach the training 
35 intensity required for improving overall endurance at an exercise intensity which comprehensively consKlers tiie sub- 
ject's physical and psychological strength during exercise. 

2-2: Theory outiine 

40 [0341 ] Before explaining the embodiments in Chapter 2. tiie principles which form the theoretical outiine thereof will 
be explained. 

[0342] First, tiie present Inventors had test subjects vary tiieir running speed in a step like manner for tiie purpose of 
obtaining various data useful as indices of ergonomic exercise intensity. The results of these experiments will be 
explained with reference to FIG. 44. 
45 [0343] FIG. 44A shows the relationship between pulse rate and running speed when running on tiie ground, and tiie 
relationship between running speed and running pitch. As clear from ttie figure, tiie subject's pulse rate and running 
pitch increase with running speed. 

[0344] FIG. 44B shows the relationship between running speed on ground and exercise intensity as subjectively 
judged by the subject. The subjective exercise intensity is obtained from tiie subject assigning a point value based on 
so his subjective assessment of his sensation white running at that speed. As shown in FIG. 45. ttie subjective exercise 
intensity m^ be set so high that the subject registers ttie exercise intensity as "difficult". As shown in FIG. 448. as tiie 
running speed increases, the point number expressing the subjective exercise intensity increases and the difficulty per- 
ceived by the subject becomes greater. 

[0345] FIG. 440 is a diagram showing the relationship between running speed on tiie ground and the concentration 
55 of lactic acid in blood which is obtained by a method of sampling from the earlobe. As shown in the figure, the concen- 
tration of lactic add in tiie subject's blood begins to Increase sharply around point A. 

[0346] It is well known tiiat lactic add is a metabolite of fatigue. Thus, as Its concento-ation rises, it becomes impossible 
for tiie subject to continue exerdsing at a constant intensity. Stating tills from another perspective, if just maintenance 
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exercise is to be performed, then this exercise may be carried out at an intensity which is in a range where the tactic 
acid concentration is low. However, when exercising at an intensity where the lactic acid concentration remains at a low 
level, if the subject perceives the exercise intensity as "easy", then no training benefits can be expected. 
[0347] Accordingly, when performing maintenance exercise in order to increase overall body endurance, It is prefera- 
5 ble that the subject exercise at an Intensity which Is in a range at which the blood lactic acid concentration remains low 
but the subject perceives the exercise intensity to be "somewhat difficult". An exercise intensity of this type corresponds 
to point A in the figure. 

[0348] In actuality, the exercise intensity corresponding to point A at which the blood lactic acid concentration starts 
to increase is known to be about 50%VO2max expressed as a relative intensity using the maximal oxygen uptake 
10 quantity. This value Is known to be appropriate as the exercise intensity for training designed to improve overall endur- 
ance. 

[0349] Thus, the exercise intensity corresponding to point A takes into consideration the subject's physical and psy- 
chological states during exercise, and thus can be considered the exercise intensity which should serve as the index 
when performing training to improve endurance. 
IS [0350] However, in order to obtain A directly, rt is necessary to continuously measure the subject's blood lactic acid 
concentration during exercise. This is extremely difficult as a practical problem. 

[0351] Accordingly, the present inventors focused on the mutual synchronization of the subject's pulse and pitch- 
around point A where the lactic add concentration rises. As described in the conventional technology, the exercise 
intensity can be expressed by employing the subject's pulse and running pitch during exercise. 

20 [0352] Accordingly, by determining the point at which the pulse and pitch correspond, and then obtaining the exercise 
Intensity at that point, it is possible to indirectly determine the exercise intensity at point A. By Informing the subject of 
this exercise intensity, an index appropriate for performing training to increase overall body endurance can be provided. 
[0353] Moreover, by infaming the subject of the extent to which his exercise Intensity deviates from the point at which 
the pulse and pitch coincide, it becomes possible to provide an exercise Index which has been quantified after taking 

25 into consideration the subject's physical and psychological strength. 

[0354] In addition, if the subject is provided with an exercise index which is in a direction which will eliminate the dif- 
ference between the pulse and the pitch, it becomes an easy matter for him to reach the exercise intensity required for 
improving overall body endurance. 

30 2-3: Embodiment 1 

[0355] The exercise index measuring device according to the first embodiment will now be explained. First, the exer- 
cise index measuring device in.this embodiment informs the subject of the exercise intensity at which his running pitch 
and pulse are approximately equal, this exercise intensity serving as the target exercise index. Second, the exercise 
35 index measuring device provides the subject with an index showing the degree of difference between his actual exer- 
cise intensity and the exercise intensity expressed by the aforementioned exercise index. Third, the exercise index 
measuring device provides the subject with an exercise index In the direction which will eliminate the difference 
between the subject's pulse and pitch. 

40 2-3-1: Functional Structure 

[0356] First, the functional structure of an exercise index device according to this embodiment will be explained. FIG. 
42 Is a block diagram showing this functional structure. 

[0357] In this figure, pulse wave detector 2 1 01 is a sensor for detecting the subject's pulse waveform. The pulse wave- 
45 form signal from pulse wave detector 2101 is converted to a digital signal by A/D converter 21 02 and subjected to FFT 
(Fast Fourier Transform) by FFT processor 103. The pulse rate is obtained based on the result of this processing. The 
essential requirement is the heart rate, i.e., the pulsation of the heart per unit time. Since the heart rate equals the pulse 
rate, however, the obtained pulse rate is determined directly as the heart rate. Accordingly, it is also acceptable to 
design pulse wave detector 2101 to directly detect the heartbeat. 
so [0358] Body motion detector 21 1 1 is a sensor for detecting body motion when the test subject is exercising. It may be 
formed of an acceleration sensor, for example. The body motion signal from this body motion detector 2111 Is con- 
verted to a digital signal by A/D converter 21 12, and is subjected to FFT processing by FFT processor 1 13 in the same 
manner as the pulse waveform. The exercise pitch is obtained from the results of this processing. In other words, "exer- 
cise" as used in this embodiment refers to rhythmic repetitive motion performed with a constant periodicity. The numk>er 
ss of times which this motion is performed during a given unit of time Is determined. For example, in the case of running, 
the number of steps (running pitch) per unit time is determined, while In the case of swimming, the number of strokes 
per unit time is determined. 

[0359] Third recording member 2121 records as a pair the obtained pulse and exercise pitch, along with time elapsed. 
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exercise Intensity, and the like. Determining member 122 determines the point at which the pulse and exercise pitch 
coincide based on the details recorded in third recording member 2121. and outputs the exercise pitch corresponding 
to this point as the target value. 

[0360] Note that determining menlber 2122 in FIG. 42 is designed to determine the point at which pulse and exercise 

5 pitch coincide from the details recorded in third recording member 2121 . However, the present invention is not limited 
thereto, but rather a design is also acceptable in which the pulse and pitch are constantly compared and the point at 
which they coincide is detected. In addition, determining member 2122 is designed to output the exercise pitch corre- 
sponding to the point at which the pulse and exercise pitch coincide, however, a design is also acceptable in which the 
pulse is output, or in which both pulse and exercise pitch are output. 

10 [0361] Second recording member 21 31 records the subject's weight and the like, as well as the amount of shift each 
time during the repetitive exercise. For example, second recording member 2131 records the stride when the exercise 
performed is running, and records distance during one stroke when the exercise is swimming. 
[0362] Switch 21 32 selects one of either the exercise pitch (input terminal a) designated as the target value by deter- 
mining member 2122, or the exercise pitch (input terminal b) at the cun^ent point In time determined by FFT processor 

15 21 13. This selection is directed by controller 2160. 

[0363] Exercise intensity calculator 2133 calculates the exercise intensity from the exercise pitch, the amount of shift 
each time duringihe repetitive exercise, and the subject's body weight. Accordingly, if input terminal a is selected at 
switch 2132, then the targeted exercise intensity is determined. On the other hand, if Input terminal b is selected, then 
the exercise intensity when the subject is actually exercising is obtained. Here, the exercise performed by the subject Is 

20 assumed to be running, so that running speed may be determined by multiplying the subject's running pitch and stride. 
Exercise intensity may then be determined as the product of the running speed and the test subject's body weight. 
[0364] Note that there is also a method for expressing exercise intensity using the pulse rate. A design is also accept- 
able in which exercise intensity calculator 2133 calculates the exercise Intensity by inputting the pulse rate obtained by 
FFT processor 2103, rather than the running pitch. Assuming the exercise is running, then running speed, which is the 

2S product of running pitch and strkie, the product of running speed and pulse rate, the product of pitch and pulse rate, or 
the product of stride and pulse rate, may be employed as the exercise intensity, and exercise intensity calculator 2133 
may be designed to calculate these values. 

[0365] When input terminal a is selected, first recording member 21 34 records the exercise intensity obtained by exer- 
cise intensity calculator 2133, i.e.. the targeted exercise intensity, along with data showing the month and day 
30 [0366] When executing the fourth function described below, comparing member 2141 determines the difference 
between the pulse rate determined by FFT 2103 and the exercise pitch obtained from FFT processor 21 13. and deter- 
mines the extent to which this difference comprises the pulse rate or pitch. Comparing member 2141 then performs 
grading based on this extent. 

[0367] When executing the fifth function explained below, comparing member 2141 compares the pulse rate deter- 
35 mined by FFT 21 03 and exercise pitch obtained from FFT processor 2113, and determines the exercise Index for elim- 
inating this difference. 

[0368] When the difference between the pulse rate and the exercise pitch is zero, i.e.. when the two values coincide, 
this indicates that the subject is currently exercising at the targeted exercise intensity, which is a level which the subject 
can maintain. Accordingly, the extent obtained by comparing member 2141 in the fourth function indicates the degree 
40 of difference between the current exercise intensity and the targeted exercise intensity. The exercise index obtained in 
the fifth function serves as an index for approaching the targeted exercise intensity. 

[0369] Notifying member 2151 primarily performs the following notification based on the details recorded in first 
recording member 2134, third recording member 2121, the calculated results from exercise intensity calculator 2133, 
and the results of the comparison by comparing member 2141 . In other words, notifying member 21 51 is provided with 

45 a first function for displaying the obtained pulse rate-exercise pitch pair in association with elapsed time; second func- 
tion for informing and displaying the targeted exercise intensity; a third function for displaying the intensity of the exer- 
cise being currently performed by the subject; a fourth function for informing and displaying the degree of difference 
between the cunent exercise intensity with respect to the targeted exercise intensity; a fifth function for informing the 
subject of the index for approaching the targeted exercise intensity with respect to the current exercise intensity; and a 

50 sixth function for displaying how the exercise intensity obtained by the second function is progressing with the elapse 
of time in terms of days and months. 
[0370] Controller 21 60 controls the operations In all parts. 

2-3-2: Electrical structure 

55 

[0371] Next, the electrical structure for realizing the functional structure shown in FIG. 42 will be explained. FIG. 43 
is a block diagram showing this structure. 

[0372] In this figure. CPU 2201 carries out control of all parts via bus B. execution of various processing, and caicu- 
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lations based on basic programs stored in ROM 2202. CPU 2201 corresponds to FFT processor 2103. 21 13, determin- 
ing member 2122. exercise intensity calculator 2133, comparing member 2141 and controller 2160. 
[0373] RAM 2203 stores the obtained pulse rate-exercise pitch pairs in association with the elapse of time since exer- 
cise began. RAM 2203 also temporarily stores various data employed in control by CPU 2201 , such as the test subject's 
5 body weight or stride. RAM 2203 corresponds to first recording member 2134, second recording member 2131 and 
third recording member 2121. 

[0374] Sensor interface 2204 carries out sampling of each analog output signal from pulse wave detector 2101 and 
body motion detector 21 1 1 at respective set time periods, and then converts the analog signal to a digital signal and 
outputs it. Sensor interface 2204 con-esponds to A/D converters 2102,21 12 in FIG. 42. 
10 [0375] In addition to the normal functions of a watch, watch circuit 2205 is provided with a function for sending an 
inten-upt signal to CPU 2201 at specific time intervals determined in advance. 

[0376] Operator 2206 is provided so that the test subject can input various values such as body weight and stride, 
and select and set various functional modes. It consists of various button switches which will be described later. 
[0377] Display 2210 displays various information under the control of CPU 2201 , and Is composed, for example, of 
IS an LCD (liquid crystal display). Alarm 208 generates an alarm under the control of CPU 2201, and Informs the subject 
of various state changes. Display 2210 and alarm 2208 correspond to notifying member 2151 in FIG. 42. 
[0378] I/O interface 2209 is provided with an LED and photo transistor, explained below, and sends and receives infor- 
mation with an external device. 

20 2-3-3: External structure 

[0379] A variety of arrangements are possible for the external structure of the exercise index measuring device 
according to this embodiment, however, an arrangement is preferred which will not distract the subject while exercising. 
Accordingly, the external structure of the exercise index measuring device is the same as that of the pulse wave diag- 
25 nosing device explained in the first chapter (see FIG. 2). In this case, the first through sixth functions are executed as 
one function in the wrist watch shown in FIG. 2. Note that the pulse wave detector 2101 described above is formed as 
the pulse wave detector sensor unit 130 shown in FIG. 2. 

[0380] Button ^Afitches 1 16,1 17 are disposed below and above display 210 on the surface of device main body 110. 
Button switch 1 1 7 is employed for turning forward the setting value by one when correcting the stride, t>ody weight, time 
30 or date values. Button switch 1 1 6 is for turning back the setting values by one when conrecting stride, body weight, time 
or date values. 

[0381] FIG. 46 Is a figure showing the external structure in which a connector piece 80 has been removed from con- 
nector 70. As shown in this figure, connection terminals 505,506 for connecting to cable 120, LED 507 and photo tran- 
sistor 508 are provided inside connector 70, for carrying out optical communications with an external device. In other 
35 words. LED 507 and photo transistor 508 are formed as one part of the I/O interface shown in FIG. 2. 

[0382] Note that parts not appearing externally, such as CPU 2201 . body motion detector 2111, sensor interface 
2204. alarm 2208 and the like, are housed In device main body 110. 

2-3-4: External device 

40 

[0383] Next, the external device for can-ying out sending and receiving of information with the nfiain device will be 
explained in overview with reference to FIG. 47. As shown in this figure, the external device may be formed of a device 
main body 600, display 601 , key board 602, printer 603, and the like. With the exception of the following points, it is 
formed in the same manner as an ordinary personal computer. 

45 [0384] Namely, device main body 600 houses an optical interface consisting of a transmission controller and a recep- 
tion controller, which are not shown in the figures, for sending and receiving data by means of optical signals. The trans- 
mission controller is provided with LED 604 for sending optical signals, and the reception controller Is provided with a 
photo transistor 605 for receiving optical signals. Devices having the same or nearly the same characteristics as LED 
503 and photo transistor 504 in device main body 1 1 0 of the exercise index measuring device are employed in LED 604 

so and photo transistor 605. A near infrared type device (having a central wavelength of 940 nm. for exanpie). is preferred 
In this case. When a near infrared type device is used, a visible light cutting filter for blocking visible light is provKled to 
the front surface of device main body 600, forming a communications window 606 for optical communications. 
[0385] Device main body 1 10 of the exercise index measuring device and the external device are designed to carry 
out sending and receiving of information by optical communications. The details of this transmission and reception of 

55 information will be explained in connection with the operations. 
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2-3-5: Operations 

[0386] Next, the operation of the exercise index measuring device according to this embodiment will be explained. 
[0387] As explained above, since device main body 1 1 0 has a variety of functions, its operations will be explained in 
5 connection with each of these functions. For the purpose of convenience, an explanation will be made for the case 
where the exercise performed by the subject is running, however, the present invention is not limited thereto. 

2-3-5-1: First function 

10 [0388] The operation when executing the first function (i.e.. the function for displaying the obtained pulse rate and run- 
ning pitch corresponding to time elapsed) will be explained. 

[0389] When the test subject operates button switch 1 11 to place the device in the mode for executing the first func- 
tion. CPU 2201 in FIG. 43 (controller 2160 in FIG. 42) first executes the basic program shown in FIG. 48. and then reg- 
ularly executes the interrupt processing shown in FIG. 49. 

IS [0390] First, the details of this basic processing (1) will be explained in reference to FIG. 48. In step Sa1 , CPU 2201 
inputs the body motion signal detected by body motion detector 21 1 1 via sensor interface 2204. subjects this to FFT 
processing, and determines whether or not the subject has actually begun running. If CPU 2201 determines that exer- 
cise has not begun, then the processing sequence again returns to step Sal. Namely, the device is designed so that 
the processing sequence queues at step Sal until the subject begins running. When the subject begins to run, CPU 

20 2201 clears the value in register n to zero in step Sa2, In step Sa3. CPU 2201 permits the execution of interrupt 
processing (1). and then terminates basic processing (1). Interrupt processing (1) referred to here is processing for reg- 
ularly executing an interrupt signal from watch circuit 2205 at one minute inten^als, for example. 
[0391 ] Thus, in basic processing (1 ). the mode for executing the first function is set and permission is given for regular 
execution of interrupt processing (1) once the subject has actually begun to run. 

26 [0392] The details of intenupt processing (1) will now be explained with reference to FIG. 49. CPU 2201 increments 
register n by "^r in step Sal 1 . Since register n was cleared to zero in step Sa2. its contents indicate the number of times 
that interrupt processing (1) was executed after the subject began to run. Since intenrupt processing (1) is executed at 
constant intervals, register n directiy indicates the time elapsed since the start of exercise. 

[0393] In step Sa12, CPU 2202 reads out the pulse wave signal detected by pulse wave detector 2101 via sensor 
30 interlace 2204, subjects it to FFT processing, and determines the subject's pulse rate, i.e., "beats/min". Next, in step 
Sa1 3, CPU 2201 reads out the body motion signal detected by body motion detector 1 1 1 via sensor interlace 204. sub- 
jects it to FFT, and determines tiie subject's running pitch (times/min). When the subject is exercising, the spectrum 
accompanying tiie regularity of movement is detected. Thus, by characterizing the frequency of ttie spectrum, the exer- 
cise pitch (running pitch here) can be determined. 
35 [0394] In step Sal 4. CPU 2201 pairs tiie obtained pulse rate and running pitch, and stores them in RAM 2203 in asso- 
ciation with the value of register n at the cun-ent point in time. Thus, each time interrupt processing (1) is executed, the 
detected pulse rate and running pitch accumulate and are stored in RAM 2203. 

[0395] Next, in step Sal 5, CPU 2201 reads out all tiie recorded pulse rates and running pitches from RAM 2203. In 
step Sa156. CPU 2201 directs display 2210 to execute a two-dimensional display by plotting the read out pulse rates 

40 and running pitches on the y-axis and their corresponding values in register n on the x-axis. An example of this display 
is shown in FIG. 56. As discussed above, since the value of register n expresses the time elapsed since tiie subject 
began running, provision of this type of display on display 2210 shows how the pulse rate and running pitch have 
changed since exercise began. As a result, the subject is able to know how his pulse and running pitch are changing. 
However, when tiie exercise index measuring device takes the form of a wristwatch as shown in FIG. 2, tiie display 

45 capacity of display 210 is of course limited. For this reason, it is preferable to send tiie read out information to an exter- 
nal device for analysis, as wilt be explained below. When tiie display processing in step Sal 5 is executed, CPU 2201 
terminates tiie cun'ent interrupt processing (1) in order to be ready for tiie next program execution. 
[0396] By executing this type of basic processing (1 ) and interrupt processing (1 ), tiie first function, which is executed 
by means of tiie functional structure shown in FIG. 42. i.e., the function for displaying the pulse rate and running pitch 

50 stored in third recording member 121 in association witii the time elapsed since exercise began, is executed equiva- 
lenUy by tiie internal structure shown in FIG. 43. 

2-3-5-2: Second function 

55 [0397] Next, the operations when executing tiie second function (i.e., the function for displaying the targeted exercise 
intensity) will be explained. 

[0398] When the test subject operates button switch 1 1 1 to place the device in tiie mode for executing the second 
function, CPU 2201 in FIG. 43 first executes tiie basic program (2) shown in FIG. 50. and ttien regularly executes inter- 
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rupt processing (2) shown In FIG. 51 . 

[0399] First, the details of this basic processing (2) will be explained In reference to FIG. 50. This basic processing 
(2) sets the Inforniatlon on which display of the targeted exercise intensity is premised, and permits interrupt processing 
(2). More specifically, basic processing (2) is composed of the fbllowing steps Sbl -Sb9. 
5 [0400] In step Sb1 , CPU 2201 executes such Initial processing as securing the necessary area in RAM 2203 and 
clearing this area, for example. 

[0401] Next in step Sb2, CPU 2201 determines whether or not information such as the amount of shift per repetitive 
motion, the subjecTs body weight, etc., Is set in RAM 2203. Since the exercise In this embodiment is running. CPU 2201 
determines whether or not the subject's stride and body weight Information are set. In this embodiment, no information 
10 is set in RAM 2203 the first time the second function is executed. Accordingly, tiie determination In step Sb2 is carried 
out 

[0402] When the above Information has been set CPU 2201 reads out the set values from RAM 2203 and cfisplays 
them on display 210 In step Sb3. In step Sb4. CPU 2201 provides a message prompting ttie subject to select whether 
or not to change these values. 

IS [0403] When the subject indicates tiiat the values should not be changed. CPU 2201 resets tiie above information as 
existing values in RAM 2203 In step Sb5. 

[0404] In contrast, when ttie above information has not been set in RAM 2203. or when ttie subject indicates that ttie 
values should be changed. CPU 2201 determines whether or not ttie information has been Input in step Sb6. If the Infor- 
mation has not been input, ttie processing sequence again returns to step Sb6. In other words, ttie processing 
20 sequence queues in step Sb6 until the subject's stride and body weight have been input. Once this information is input 
and changed, ttien, In step Sb7, CPU 2201 sets these values in RAM 2203. 

[0405] When Indicating a desire to change Information such as ttie stride, the subject operates button switch 1 1 1 to 
set ttie operational mode of device main body 110 to ttie input/change mode. With respect to ttie indication not to 
change tiie aforementioned information, an arrangement may be considered in which the subject does not operate but- 
25 ton switch 1 1 1 for a fixed period of time. As a method for changing and inputting information such as sti'ide, a method 
may be considered in which ttie subject sets the device to the Input/change mode, uses button switch 514 to set stride 
or body weight as the subject to be input or changed, and ttien manipulates button switch 1 1 1 or 1 1 6 to raise or lower 
the targeted value by one. 

[0406] When information such as the subject's stride or body weight have been set In RAM 2203. then, in step Sb8. 

30 CPU 2201 determines whether or not the subject is actually exercising in the same manner as In step Sa1 in basic 
processing (1). When CPU 2201 determines that ttie subject has not begun to exercise, ttie processing sequence 
returns to step SbS. Namely, the processing sequence queues at step Sb8 until ttie subject begins to exercise. When 
the subject begins to exercise, CPU 2201 permits execution of Interrupt processing (2) and terminates execution of 
basic processing (2) In step Sb9. Intern^ processing (2) is regularly executed, every 2 minutes for example, by an 

35 interrupt signal from watch circuit 205. 

[0407] Thus, when basic processing (2) is executed, the information needed to calculate ttie exercise intensity Is set, 
the device is set in tiie mode for executing the second function and ttie regular execution of interrupt processing (2) Is 
permitted once tiie subject actually begins to exercise. 

[0408] Next, the details of interrupt processing (2) will be explained in reference to FIG. 51 . 
40 [0409] CPU 2201 obtains the subject's pulse rate (beats/min) In step Sbl 1 , and obtains the subject's running pitch 
(times/min) in step Sb12. This point is tiie same as that of steps Sa12.13 In Inten^upt processing (1). In step Sb13. CPU 
2201 multiplies ttie subject's stride recorded In RAM 2203 with the running pitch detected In ttie immediately preceding 
step In order to calculate tiie subject's running speed. 

[041 0] In step Sbl 4, CPU 2201 stores the detected pulse rate and running pitch in RAM 2203 In association witti tiie 
45 running speed. 

[041 1 ] The second function Is for displaying as the targeted value the point at which the pulse rate and running pitch 
coincide. In this case, If the pulse rate and running pitch cannot be obtained at two or more points where ttie running 
speed differs, then It is not possible to determine tiie point at which ttiey coincide. 

[0412] For this reason, CPU 2201 stores at least two or more pulse rate-running pitch pairs in step Sb15, and then 
50 executes the processing in the fbllowing steps Sbl 6-Sb22 under ttie condition ttiat ttiese running speeds are not equiv- 
alent values. 

[0413] In ottier words, if the result of determination in step Sb15 is 'Yes", ttien, in step Sbl 6, CPU 2201 first reads out 
all of tiie pulse rate and running pitch values stored in RAM 2203. Second. CPU 2201 determines ttie regression line 
for the pulse rate con'esponding to the running speed, and determines ttie regression line for the running pitch corre- 
55 spending to running speed. Third. CPU 2201 determines ttie intersection of the regression line for ttie pulse rate witti 
the regression line for running speed, and determines the point at which the pulse rate and running pitch are synchro- 
nized. 

[0414] Taking into consideration measurement en-or. it Is not absolutely essential to employ ttie point of intersection. 
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Rather, when detecting the point of coincid^ce. the pulse rate and running pitch nnay be considered equivalent if the 
difference between them Is in the range of ±10%. 

[0415] Next. CPU 2201 deterntines the running pitch corresponding to the obtained point of intersection (step Sb17), 
and controls alarm 2208 so as to generate as the exercise index an alarm sound corresponding to this running pitch 
5 (step Sb18). For example, an an^ngement may be considered in which a beep alarm is sounded which is associated 
with the frequency of the running pitch. The design is not limited to a display In this case, but rather a variety of 
approaches may be considered for informing the subject, Including using a synthetic voice, varying the Intensity of the 
alarm sound, and the like. 

[041 6] CPU 2201 determines the running speed corresponding to the obtained point of intersection (step Sbl 9). and 
10 calculates the exercise Intensity corresponding to the running speed (step Sb20). This calculation may be obtained by 
multiplying the subject's body weight recorded in RAM 2203 with the running speed, or may be obtained from the rela- 
tionship between running speed and exercise intensity. 

[041 7] CPU 2201 associates the obtained exercise intensity with the date on which that exercise (running) was per- 
formed, stores this in RAM 2203 (step Sb21), and displays the obtained exercise intensity on display 2210 as the tar- 

15 geted exercise index (step Sb22). 

[0418] The exercise intensity obtained in this way Is the value at which the pulse rate and the running pitch are syn- 
chronized, and is the value which should serve as the index for performing exercise to inaease overall body endurance. 
As in the case of step Sb20, when the exercise intensity is^btalned as the physical Intensity of the exercise performed 
by the subject, it is possible to obtain an absolute intensity during running. Accordingly, this is convenient for performing 

20 various comparisons. From the subject's perspective, however, the targeted exercise intensity can be easily understood 
directly by expressing the running pitch (or pulse rate) using alarm 2208 during exercise. In other words, the targeted 
exercise can be achieved if the subject performs exercise In accordance with indices expressed in terms of the senses. 
Accordingly, this arrangement is more convenient. 

[041 9] Therefore, intenrupt processing (2) is designed to notify and display the physical exercise intensity cmd the run- 
25 ning pitch as exercise Indices as described above. 

[0420] Note that the pulse rate may also be employed as the exercise index, or anyone of the pulse rate, running pitch 
or exercise intensity may be selected and displayed to inform the subject. 

[0421] When informing the subject of both the pulse rate and the running pitch as exercise indices, there are two 
methods available for the subject to increase or decrease the intensity of the running exercise. In the first method, the 
30 pulse rate which is Informed as the exercise Index is designated as the priority target, with the subject himself controlling 
the running speed. In the second method, the pulse rate Is controlled by the subject himself controlling running speed 
which was informed to him as the exercise index priority target. 

[0422] Assuming the exercise is running, then running speed, which Is the product of running pitch and stride, the 
product of running speed and pulse rate, the product of pitch and pulse rate, or the product of stride and pulse rate, may 
35 be employed as the exercise Intensity, and a design which Informs and displays these values as exercise indices is 
acceptable. Since an exercise index such as this serves as an indicator for candying out efficient running, the subject 
may use these as the target values during running. 

[0423] After completion of the processing in step Sb22, or when the results of the determination in step Sbl 5 is "No", 
CPU 2201 terminates the current interrupt processing (2) in order to be ready for the next program execution. 

40 [0424] Note that interrupt processing (2) is executed at regular intervals, at which time the pulse rate and pitch being 
recorded in RAM 2203 are increasing. Accordingly, when the running speed is separated into at least two stages, then 
the exercise index Is Informed and displayed when the result of the determination in step Sbl 5 is "YES". 
[0425] By executing this type of basic processing (2) and interrupt processing (2). the second function executed by 
means of a functional structure In which switch 2132 selects input terminal a in FIG. 42, i.e., the function for displaying 

45 the targeted exercise intensity. Is executed equally by the internal structure shown in FIG. 43. 

2-3-5-3: Third function 

[0426] Next, the operation when executing the third function (I.e., the function for displaying the intensity of the exer- 

50 else performed by the subject) will be explained. 

[0427] When the test subject operates button switch 1 1 1 to place the device in the mode for executing the third func- 
tion, CPU 2201 in FIG. 43 first executes basic program (3). and then regularly executes inten-upt processing (3) shown 
in FIG. 52. The details of basic processing (3) are the same as that of basic processing (2) shown In FIG. 50. 
[0428] Namely, basic processing (3) is the processing for setting the information necessary for calculating the exercise 

55 intensity, setting the device in the mode for executing the third function, and permitting the regular execution of interrupt 
processing (3) once the subject begins to exercise. 

[0429] Accordingly an explanation of basic processing (3) will be omitted, and the processing details of interrupt 
processing (3) will be explained in reference to FIG. 52. 
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[0430] CPU 2201 obtains the subject's pulse rate (beats/min) in step Sell , and obtains the subject's running pitch 
(times/min) in step Sc12. This point is the same as that of steps Sa12.13 in interrupt processing (1). 
[0431] CPU 2201 then multiplies the subject's stride recorded in RAM 2203 with the running pitch detected in the 
immediately preceding step, in order to calculate the subject's running speed. In step Sc14, the exercise intensity cor- 

5 responding to this running speed is determined. This calculation is the same as in step Sb20 above. 

[0432] In step Sb21, CPU 2201 displays the obtained exercise intensity on display 210. The exercise intensity dis- 
played in this way is determined at the timing for execution of interrupt processing (3) for the running exercise actually 
being performed by the subject. In other words, the exercise intensity expresses the intensity of the running actually 
being performed by the subject. The execution interval for inten'upt processing (3) is the sampling interval for the exer- 

10 cise intensity. 

[0433] By executing basic processing (3) and interrupt processing (3), the third function executed by a functional 
structure in which switch 132 selects input terminal b, i.e., the function expressing the targeted exercise intensity, is car- 
ried out equivalently by the internal structure shown in FIG. 43. 

15 2-3-5-4: Fourth function 

[0434] Next the operation when executing the fourth function (i.e., the function for showing how much the intensity of 
the exercise performed 6y the subject differs from the targeted exercise intensity) will be explained. 
[0435] When the test subject operates button switch 1 1 1 to place the device in the mode for executing the fourth func- 
20 tion, CPU 2201 in FIG. 43 first executes basic program (5) shown in FIG, 53, and then regularly executes interrupt 
processing (4) shown in FIG. 54. The details of basic processing (4) are the same as that of basic processing (1) shown 
in FIG. 48 with the exertion of step Sa2. 

[0436] Namely, basic processing (4) when executing the fourth function sets the device in the mode for executing this 
function, and permits the regular execution of interrupt processing (4) once the subject begins to exercise. 
25 [0437] Next, the details of inten^upt processing (4) will now be explained with reference to FIG. 54. 

[0438] First. CPU 2201 determines the subject's pulse rate (beats/min) in step Sdl 1 , and determines the subject's 
running pitch (times/min) in step Sd12. This point is the same as in steps Sa12,13 in Interrupt processing (1). In step 
Sd13. CPU 2201 calculates the grade G from the obtained pulse and running pitch using the following equation 

30 grade G= (pulse rate-running pitch)/running pitch 

[0439] In step Sd14, CPU 2201 directs display 2210 to show a display in accordance with the value of grade G. and 
then terminates the current interrupt processing (4) in order to be ready for the next program execution. 
[0440] The grade G obtained here expresses what proportion the difference between the pulse rate and the running 
35 pitch comprises of the running pitch. The closer this value is to zero, the more suitable is the intensity of the cun-ent 
exercise with respect to training to improve endurance. A negative value for grade G indicates that the cun^ent exercise 
intensity is low for accomplishing this training, while a positive value for grade G indicates that the cunrent exercise 
intensity is high for accomplishing tiiis training. 

[0441 ] Accordingly it is preferable that the content of display 221 0 be such that the subject is able to directly know the 
40 symbol for grade G and the size of that value, as shown in FIG. 57 for example. As a result, the subject is able to know 
whether or not the current exercise intensity (running speed) is suitable by comparing it to the intensity for performing 
training to improve endurance. Moreover, if the cunent training intensity is not suitable, then the subject is also able to 
quantitatively know by how much he should increase or decrease the intensity of his exercise in order to achieve tiie 
aforementioned training. 

45 [0442] Note that FIG. 57 shows an example of the display in which an upward directed arrow prompts the subject to 
increase the exercise intensity and a downward directed an^ow prompts the subject to decrease the exercise intensity, 
with the number of arrows indicating the extent of that increase or decrease. The design is not limited to a display, how- 
ever. Rather, notification may be performed using a variety of an'angements in which intensity is expressed, including a 
voice synthesizer or alarm. 

50 [0443] By executing this type of basic processing (4) and interrupt processing (4). the fourth function, i.e.. the function 
for infbrming and displaying how different the cun-ent exercise intensity is from the targeted exercise intensity, which is 
executed by tiie functional structure shown in FIG. 42, is equally and regularly executed by the internal structure shown 
in FIG. 43. 

55 2-3-5-5: Fifth function 

[0444] Next, the operation when executing ttie fifth function (i.e., the function for providing an index so that tiie current 
exercise intensity approaches the targeted exercise intensity) will be explained. 
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[0445] The test subject operates button switch 1 1 1 to place the device in the mode for executing the fifth function. As 
a result, CPU 2201 in FIG. 43 first executes basic program (5), and then regularly executes interrupt processing (5) 
shown In FIG. 55. The details of basic processing (5) are the same as that of basic processing (4) shown in FIG. 53. 
[0446] Namely, basic processing (5) permits regular execution of inten'upt processing (5) when the mode for executing 

5 the fifth function is set and the subject has actually begun running. 

[0447] The details of interrupt processing (5) will now be explained with reference to FIG. 55. 
[0448] First. CPU 2201 determines the subject's pulse rate (beatsAnin) in step Se1 1 . and determines the subject's 
running pitch (times/min) in step Se12. This point is the same as in steps Sa12.13 in interrupt processing (1). In step 
Se13, CPU 2201 compares the obtained pulse rate and running pitch. When the pulse rate is smaller than the running 

10 pitch, then, in step Se14. CPU 2201 provides a display on display 210 for raising the pitch. If the pulse rate is approxi- 
mately the same as the pitch, then, in step Se15, CPU 2201 provides a display on display 210 directing the subject to 
maintain the cun^ent running state. If the pulse rate is larger than the pitch, then, in step Se16, CPU 2201 provides a 
display on display 2210 directing the subject to reduce his stride. Thereafter, CPU 2201 terminates the cunrent Interrupt 
processing in order to be ready for the next program execution. 

15 [0449] As may be understood by referring to FIG. 44A, a pulse rate which is smaller than the running pitch means that 
the running speed is too low for performing training to Increase endurance. In this case, it is necessary to provide a 
notice to the subject t04)rompt him to increase the running speed. Two approaches may be considered in this case, 
namely, a display fbr increasing tiie running pitch and a display for inaeasing the stride. 

[0450] Conversely as may also be understood by referring to FIG. 44A. a pulse rate which is larger than the running 
20 pitch means that the running speed is too high for performing training to increase endurance. In this case, it is neces- 
sary to provide a notice to the subject to prompt him to decrease the running speed. Two approaches may be consid- 
ered in this case, namely, a display for decreasing ttie running pitch and a display for decreasing the stride. 
[0451 ] One of tiie characteristics of running in general is that, if the stride is Increased, tiien running speed increases. 
However, physical fatigue begins to occur, and the pulse rate tends to fell. In addition, when ttie running pitch Is 
25 increased, the pulse rate tends to increase accompanying this. 

[0452] in addition, as may be understood from the figure, the running pitch within the range in which running speed 
is high does not change that much as compared to the increase in the speed of running. This means that in the area 
where the running speed is low. an Increase In the running speed is carried out primarily by increasing running pitch. 
Conversely, in the area where the running speed is high, an increase in the running speed is primarily carried out by 
30 increasing tiie stride. Moreover, the change in tiie pulse rate in the region where the running speed is low is consider- 
able as compared to tiie increase in tiie running pitch. 

[0453] Drawing on the above then, when the pulse rate is lower than tiie running pitch, tiiis embodiment is designed 
to increase the subject's running speed without causing physical fatigue, by providing a directive to Increase the running 
pitch. In contrast, when the pulse rate is larger than tiie running pitch, this embodiment is designed to decrease the sub- 

35 ject's running speed while decreasing the pulse rate, by providing a directive to decrease the stride. 

[0454] A pulse rate which is roughly equivalent to the running pitch indicates that the exercise Intensity corresponding 
to the current running speed is appropriate as a training intensity for performing maintenance exercise. Accordingly, an 
indicator is provided directing the subject to maintain the current running state. Given measurement error, however, it is 
not absolutely essential that the pulse rate and running pitch be equal in this case. Rather, the two values may be con- 

40 sidered equivalent if the difference between them is in the range of ±1 0%. 

[0455] When the difference between the pulse rate and the running pitch is considerably large, a directive may be 
provided to the subject to change both values, without relying on a determination such as In this embodiment. 
[0456] By executing this type of basic processing (5) and inten-upt processing (5), the fifth function, i.e., ttie function 
for providing a directive to bring ttie current exercise Intensity closer to the targeted exercise intensity, which is executed 

45 by the functional structure shown in FIG. 42. is equally and regularly executed by means of ttie internal structure shown 
In FIG. 43. Accordingly, It becomes an easy matter for ttie subject to achieve ttie targeted exercise Intensity. I.e., an exer- 
cise Intensity which is optimal for maintenance exercise, by performing running in accordance with ttie content of the 
directive provided by executing ttie fiftti function. 

50 2-3-5-6: Sixth function 

[0457] Next, the operation when executing ttie sixth function (i.e., the function for showing how the exercise Intensity 
obtained via ttie second function is progressing as time elapses In months and days) will be explained. 
[0458] When the test subject operates button switch 1 1 1 to place the device in the mode for executing tiie sixtti func- 
55 tion, CPU 2201 in FIG. 43 controls the system to first read out all the exercise intensities recorded in step Sb21, and 
second, provide a two-dimensional display by plotting the read out exercise intensity on the y-axis and the con^espond- 
ing date on the x-axis. 

[0459] The exercise intensity displayed here is ttie value at which the pulse rate and running pitch coincide when run- 
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ning is performed, and is the value which serves as the exercise index. This value will vary over days and months as 
training accumulates. Accordingly, by displaying the exercise intensity in correspondence with the day. the subject is 
able to know the efficacy of training over time. 

[0460] Note that the preceding explanation described structures for separately can-ying out each of the first through 
5 sixth functions. However, a design is also acceptable in which the first through sixth functions are all executed or are 
selectively executed when the subject begins running. In particular, since the processing details for the fourth and fifth 
functions are similar, it is preferable to carry out these functions simultaneously. 

2-3-5-7: Communication function 

w 

[0461 ] Next, the operation of the exercise Index measuring device according to this embodiment when communicating 
with the external device shown in FIG. 47 in order to send and receive a variety of information will be explained. 
[0462] In order to communicate with an external piece of equipment, the subject removes connector piece 80 from 
connector 70 of de\/ice main body 1 10, exposing LED 507 and photo transistor 508. and feeing them toward communi- 
15 cation window 606 of the external device. 

[0463] The transmitting function for transmitting information to the external device and the receiving function for 
receiving information from the external device will be explained below separately. 

2-3-5-7-1 : Transmitting function 

20 

[0464] When the subject operates button switch 1 11 to set the device In the mode for executing the transmitting func- 
tion. CPU 2201 transmits information stored in step Sal 4 when the first function was executed. i.e.. pulse rate and pitch 
rate information associated with elapsed time since the subject started running, to device main body 600 via 1/0 inter- 
face 2209 and the optical interface of the external device. An IrDA (Infrared Data Association) method or the like may 
25 be used for this type of optical communication protocol. 

[0465] By transmitting from device main body 1 10. it becomes possible for not only the subject, but also a tiiird party 
such as a trainer or physician positioned at tiie external device, to objectively know how the subject's pulse rate and 
running pitch have changed since the subject began running. Moreover, this infbrmation can be stored and analyzed at 
the external device. 

30 [0466] Note that the information relayed is not restricted, but may include the information recorded in step Sb21 , for 
example. In this case, the f iftti function desaibed above is executed at the external device. 

2-3-5-7-2: Receiving function 

35 [0467] Target values for running, such as running pitch for example, may be set at the external device along with 
elapsed time. The exercise index measuring device according to this embodiment receives the targeted value set in the 
external device, and employs this as the targeted value once the subject actually begins to run. 
[0468] More specifically, with LED 507 and photo transistor 508 directed toward communication window 606 on the 
external device, the subject operates txjtton switch 1 1 1 to set the device to the mode for executing tiie receiving func- 

40 tion. CPU 2201 in FIG. 43 then transmits a signal to the external device requesting data, via I/O interface 2209 and tiie 
external device's optical Interface. When main body 600 of the external device receives this signal, it ta^ansmits infbrma- 
tion which serves as the set target value via the external device's optical interface and I/O interface 2209. 
[0469] When tiie information which serves as the target value is received by device main body 110. CPU 2201 tem- 
porarily stores the received information in RAM 2203. When the subject begins running. CPU 2201 reads out the target 

45 values corresponding to time elapsed since running began, and informs the subject of these. When the running pitch is 
employed as tiie target value In this case, it is also acceptable to employ grading as in tiie case of ttie fburtii function, 
to indicate how different the actual running pitch during running Is from tiie informed target value. 
[0470] As a result, it is possible for tiie subject to perform running at tiie set running pitch, even when exercising over 
a long period of time. Thus, this can be employed in training or in pace setting during a competition. 

50 [0471 ] By employing the exercise index measuring device according to tiie present embodiment, it is possible to exe- 
cute the first through sixth functions and the communication function. In particular, by executing the second function, it 
is possible to comprehensively consider the subject's physical and psychological strengtii during exerdse when deter- 
mining the exercise intensity which should serve as an index for performing exercise to increase endurance. By execut- 
ing the fburtii function, it is possible to quantitatively obtain how different the current exerdse Intensity is from tiie 

55 exercise intensity required for increasing endurance. By executing tiie f iftti function, it is possible to provkie an index for 
bringing tiie cunrent exercise intensity doser to the targeted exercise intensity. 

[0472] When a design is provided in which tiie exercise index obtained in the second function is notified to tiie subject 
as the product of a physiological index and a physical index, such as tiie product of running speed and pulse rate, the 
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product of running pitch and putse rate, or the product of stride and pulse rate, then it is possible to evaluate a physical 
index and physiological index conrtprehensively Specifically, even when the same course and the same time goals are 
employed, the physiological indices will vary according to the body's condition, so that a comprehensive evaluation is 
made with the physical Indices. In other words, the physical index and the physiological index can be evaluated as one 
5 new index. 

2-3-6: Other embodiments 

[0473] The preceding embodiment employed the case where the exercise index measuring device took the form of a 
10 wristwatch. However, the present invention is not limited thereto, but may also be designed as a pair of eyeglasses (see 
FIG. 34). necklace (see FIG. 35). card (see FIG. 36). or pedometer (see FIG. 37) as explained in Chapter 1 . 

2-3-7: Displaying and informing function 

75 [0474] The preceding embodiments were designed to display the results of execution of the first through fifth functions 
on display 2210. However, the present invention is not limited thereto. Namely, the present invention is not limited to a 
display means which relies on a sense of sight. Instead, notification may be carried out through a variety of an^ange- 
ments. Namely, notification in the present invention relies on one of the five senses. For example, a design Is acceptable 
in which the targeted running pitch or pulse rate is informed using the sense of touch, by means of a vibration, for exam- 

20 pie. Similarly, a design is acceptable in which the results to be provided are informed using the sense of hearing, by 
means of a voice synthesizer for example. 

2-4: Embodiment 2 

25 [0475] The second embodiment of the present invention will now be explained. 

[0476] Although there may be slight individual differences, in general, the stride during running becomes shorter as 
the running pitch increases. 

[0477] However, in the first embodiment, even though the pitch fluctuated, the stride remained a constant value 
because the value set in RAM 2203 was used without modification. Namely, the aforementioned characteristic of run- 
30 ning was not taken into consideration. Accordingly, the first embodiment has a disadvantage in that results obtained by 
calculations involving the stride may not be accurate. 

[0478] Accordingly, in the second embodiment, a table showing the relationship between pitch and the correction 
coefficient for stride are determined in advance and stored. When calculations using stride are performed during run- 
ning, the stride correction coefficient corresponding to the current pitch is read out from the table. The set stride is then 
35 corrected by multiplying it with the correction coefficient, thus eliminating the drawback associated with the first embod- 
iment 

[0479] Accordingly, the design of the exercise index measuring device according to the second embodiment is as 
shown in FIG. 58, wherein a table 2135 and a corrector 2136 have been added to the structure shown in FIG. 42. Table 
2135 prestores the pitch and stride correction coefficient, and outputs the stride correction coefficient corresponding to 
40 the pitch determined by FFT processor 21 13. Corrector 2136 multiplies the stride connection coefficient output by FFT 
processor 2113 with the stride stored in second recording member 131 , so that the stride is corrected by matching it to 
the pitch. 

[0480] Table 2135 corresponds to the RAM 2203 in FIG. 43, while the con-ector 2136 corresponds to CPU 2201. 
Accordingly, there is essentially no addition of compositional components to the device shown in FIG. 43. 
45 [0481 ] When the characteristics of the stride conrection coefficient and the pitch stored in table 21 35 are studied, it is 
appears that the stride connection coefficient gradually becomes smaller than "I" as the pitch increases. This is shown 
by the solid line in FIG. 59. Note that In this figure, the reference pitch is the pitch when the stride (reference stride) is 
input during running. 

[0482] The relationship between pitch and the stride correction coefficient will differ greatly between subjects. Thus, 
50 the characteristics indicated by the solid line in FIG. 59 must be edited to match the subject's own characteristics, as 
shown by the broken line in FIG. 59. 
[0483] This editing function is carried out as follows. 

[0484] First, the subject measures the stride after inaeasing the reference pitch in 10% stages, for example, and 
determines what its ratio is compared to the reference stride. Second, the subject inputs this ratio and the ratio with 
55 respect to the reference pitch to device main body 1 1 0 using button switches 1 1 1 - 1 1 4, for example. 

[0485] When this happens, CPU 2201 caries out the following operation. Namely, CPU 2201 plots the input pitch ratio 
and stride ratio, and interpolates between these plots to obtain the characteristics shown by the broken line in FIG. 59, 
for example. This result is then rendered into the form of a table in a specific area in RAM 2203, and held there. 
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[0486] When the sitoject is running and calculations are performed using the stride which is recorded In RAM 2203, 
CPU 2201 first compares the detected pitch with the reference pitch to determine the ratio. Second, CPU 2201 deter- 
mines the stride con-ection coefficient corresponding to this ratio by reading it out from the table. Third, CPU 2201 mul- 
tiplies this coefficient with the reference stride read out from RAM 2203 to con-ect the stride corresponding to the 
5 running pitch. Rnally. fourth, CPU 2201 employs the corrected stride in the calculation of exercise intensity. 

[0487] As a result, the functional structure shown in FIG. 58 is executed equally by means off the internal structure 
shown in FIG. 43. 

[0488] In the second embodiment, the stride is corrected even though the pitch is changing during running. Moreover, 
since this con-ection is carried out to fit the characteristics of the subject, it is possible to more accurately perform Cai- 
ro culations that employ the stride. 

[0489] When the subject is running, the connected stride is linked with the cun^ent pulse rate and running pitch, and is 
stored In association with the time elapsed since running began. Namely, the first function in the first embodiment is for 
displaying the stride corrected in the second embodiment, in addition to the pulse rate and running pitch, since the sub- 
ject began running. In the transmitting function, the corrected stride is also transmitted to the externa! device. It is also 
15 acceptable to set the stride in association with elapsed time in the external device as the target value for running. In the 
receiving function, this set stride information Is received, and enployed as a target value when the subject begins run- 
ning. 

[0490] When correcting the stride. In addition to the con-ection method using the table, a method may also be consid- 
ered in which button switches 1 1 1 , 1 1 6 are depressed and the input stride is manually increased or deaeased. 
20 [0491] Note that stride, rather than the correction coefficient corresponding to running pitch, may be stored in table 
2135. 

2-4-1 : Modifications of Embodiment 2 

25 [0492] The second embodiment employed a design in which the stride was corrected according to the pitch during 
running. However, a situation may be considered in which the stride varies not only with the pitch during running, but 
also in accordance with the pulse. 

[0493] A design is also acceptable employing a table similar to table 2135 in which the relationship between pulse 
rate and the stride correction coefficient is stored in advance. 
30 [0494] When both pitch and pulse rate are taken into consideration when correcting the stride, then a design is also 
acceptable which enfiploys both pitch and pulse rate as parameters when recording the stride correction coefficient, to 
generate a two-dimensional table. In this case, as shown by the broken line (1) in FIG. 58, the pulse rate obtained by 
FFT processor 21 03 is supplied as a parameter for two dimensional table 2135. 

35 2-5: Modifications for Chapter 2 

[0495] The exercise performed by the subject in the first and second embodiments was running, however, the present 
invention is not limited thereto. For example, the exercise may be swimming. In this case, the same results may be 
obtained if the distance moved during one stroke, which corresponds to stride during running, is input, and the number 
40 of strokes per unit time is detected, corresponding to pitch. If the exercise is climbing a stand, then the same effects 
may be obtained by Inputting the amount of rise with each step and detecting the number of steps climbed per unit time. 
In other words, the present invention provides a novel indicator in the form of an exercise index in which pulse rate and 
exercise pitch are synchronized for all regular exercise earned out at a constant rhythm, including actions typically per- 
formed during dally activities. 

45 

2-6: Effect of the embodiments 

[0496] As explained atx)ve. the exercise index measuring device according to Chapter 2 enables provision of a means 
for obtaining the exercise intensity which comprehensively considers the subject's physical and psychological strength 
50 during exercise, and which should be employed as the index when performing training to Increase endurance. 

[0497] Moreover, the exercise index measuring device according to Chapter 2 enables the subject to know how the 
results of training are varying over time. 

[0498] The subject Is also able to know the intensity of the exercise being conducted currently. 
[0499] The subject can compare his current exercise intensity with the training intensity necessary for performing 
55 maintenance exercise, and determine whether or not the. current intensity is appropriate. If the current intensity is not 
appropriate, then the subject is able to quantitatively know how much he should increase or decrease his current exer- 
cise intensity so that it will match the training intensity for performing maintenance exercise. 
[0500] In addition, it becomes an easy matter for the subject to achieve a training intensity for performing maintenance 
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exercise. 

[0501] Because the stride is corrected in accordance with the running pitch or the pulse rate in the case of running, 
results obtained from calculations are made more accurate. 

[0502] By sending and receiving information with an external device, the measured results can be analyzed at the 
5 external desnce, and the targeted value set more precisely. 

3. Chapter 3 

3-1: Summary 

10 

[0503] The method in Chapter 3 in which the blood lactic acid concentration is measured is one known method for 
objectively measuring the exercise intensity during running or weight training. This method of measurement employs 
the fact that lactic add is a metabolite of fatigue, to determine that exercise intensity is large when tiie lactic acid con- 
centration is high. 

15 [0504] It is useful for individuals who are training during exercise to be able to know their exercise intensity, since tiiis 
enables them to perform health management or more scientific training. However, in order to measure the lactic acid 
concentration, it is necessary to check its concentration.by drawing blood. Accordingly, it is not possible to conduct 
measurements while continuing to exercise. 

[0505] After studying indices which express the exercise intensity, the present inventors discovered that there is a 
20 close relationship between exercise intensity and the respiratory wave form. In tiiis case, however, how to measure the 
respiratory wave form becomes a serious problem. 

[0506] Methods for measuring a subject's respiratory waveform while at rest Include a method in which a band is 
wrapped around tiie chest or stomach to measure the expansion and contraction state, and a method in which tiiermo- 
couples are inserted into tiie nostrils and the fluctuation in the resistance value tiiereof is counted. However, wearing 
25 such an apparatus would be extremely inconvenient for a subject who is in training, or a subject who is ti-ying to perform 
daily healtii monitoring. 

[0507] An analysis of the frequency components of the variation in the R-R interval in the electrocardiogram of a sub- 
ject at rest reveals tiiat a component corresponding to tiie respiratory rate is present. Since tiie pulse wave is synchro- 
nized with the electrocardiogram, a component corresponding to the respiratory waveform is included in the variation 

30 frequency component of tiie pulse cycle (or pulse amplitude). 

[0508] There is a device available for measuring the respiratory waveform based on the electrocardiogram or pulse 
wave k>y extracting this component. For example, Japanese Patent Application 62-22627 discloses a technique in which 
a continuous pulse interval is measured, the period of change in this pulse interval is measured, and tiie respiratory rate 
is calculated by taking the redprocal of the period of change. Japanese Utility Model 4-51912 discloses a technique for 

35 detecting a first respiratory rate based on tiie variation in the envelope of peak values of tiie pulse waveform or tiie 
period of change In the R-R Interval of the electrocardiogram, detecting a second respiratory rate by detecting the cyclic 
motion on the surface of tiie subject's stomach, and then recording and displaying the lower of tiie two respiratory rates. 
Japanese Utility Model 4-136207 discloses a technique for reducing noise or swell by estimating the respiratory rate 
based on the period of tiie variation In the amplitude of the pulse waveform, calculating an average value for the pulse 

40 waveform (ttie undulation in the low frequency component), and then using the data for which the trend in this average 
value Is smallest. Further. Japanese Patent Application 6-142082 discloses a technique for multiplying the subject's 
pulse rate and systolic blood pressure which have been successively obtained and calculating tiie respiratory rate 
based on the pulse cycle of tills multiplied value. Japanese Utility Model 6-22325 discloses a technique for determining 
the respiratory rate in the body based on tiie period of change in tiie curved line linking tiie peak values in the pulse 

45 wave. 

[0509] However. If the subject Is exercising, tiien an electromyogram wavefbrni becomes superimposed on the elec- 
trocardiogram waveform, causing a body motion component to be superimposed on the pulse wave. These compo- 
nents are of a higher level than those con^esponding to the respiratory waveform, causing the respiratory waveform to 
be calculated in error. 

so [051 0] Accordingly. Chapter 3 provides an exercise intensity detecting device for extracting ttie respiratory component 
from tiie pulse waveform and easily detecting tiie exercise intensity based on tiie result of ttiis extraction. 

3-2: Outline of theory 

55 [051 1 ] As ttie exercise intensity increases, tiie amount of oxygen consumed by skeletal muscle increases. As a result, 
the respiratory rate also Increases. The relationship between exercise intensity and the respiratory waveform is shown 
in FIG. 60. Note tiiat in this figure, ttie positive direction along ttie vertical axis indicates inhalation, while ttie negative 
direction indicates exhalation. FIG. 60A shows the respiratory waveform when at rest (exercise intensity XI), FIG. 60B 
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shows the respiratory waveform at exercise intensity X2, FIG. 60C shows the respiratory waveform at exercise intensity 
X3. and FIG. 60D shows the respiratory waveform at exercise intensity X4. Exercise intensities XI ~X4 are related as 
follows: 

X1<X2<X3<X4 

[0512] From these figures it may be understood that the inhalation period is longer than the exhalation period when 
the subject is at rest. However, as the exercise intensity increases, the difference between the inhalation and exhalation 
periods becomes smaller, and the respiratory waveform gradually approaches a sinusoidal wave. As the exercise inten- 
sity become even greater, the respiratory waveform becomes greatly disturbed. 

[0513] The respiratory wave's approach toward a sinusoidal wave in this way means that the higher harmonic com- 
ponents are decreasing with respect to the fundamental components. In particular, provided that the exercise intensity 
does not exceed a given limit, the respiratory waveform will change from a saw-toothed shaped wave to a sinusoidal 
wave. Thus, the third order higher harmonic wave components decrease as the exercise Intensity Increases. 
[051 4] Accordingly, by performing frequency analysis on the respiratory waveform, it Is possible to obtain an index for 
exercise Intensity. 

[051 5] Focusing on this point, the applicants detected the exercise intensity by extracting the respiratory components 
frohfi the pulse waveform and performing frequency analysis thereon. ^ 

3-3: Functional structure 

[0516] Next, the function of the exercise intensity detecting device according to the present invention will now be 
explained. FIG. 61 is a function block diagram for the exerdse intensity detecting device according to the present 
embodiment. In the figure. f31 is the pulse wave detecting means, which detects the pulse waveform at a detection site 
on the body. Pulse wave detecting means f31 corresponds to an optical pulse wave sensor or pressure sensor, for 
example. f32 is the body motion detecting means for detecting body motion waveforms which express the body's 
motion. An acceleration sensor may be employed for body motion detecting means f32, for example. 
[0517] f33 is a body motion component removing means for generating the body motion components in the pulse 
waveform based on the txxiy motion waveform, and then removing the body motion components from the pulse wave- 
form to generate a pulse waveform from which body motion components have been removed. Specifically, a waveform 
from which body motion components have been removed Is generated by perlbrming the appropriate waveform 
processing on the body motion waveform and then subtracting this result from the pulse waveform, or by analyzing each 
frequency spectrum in the pulse waveform and the body motion waveform, and removing the frequency components 
which are equivalent to the frequency spectrum of the body motion waveform from the frequency spectrum of the pulse 
waveform. 

[0518] f34 is a respiratory component extracting means for extracting the respiratory component based on the pulse 
waveform from which body nrotion components have been removed. Respiratory component extracting means f34 may 
be provided with a wavelet transformer for performing wavelet transformation on the pulse waveform from which body 
motion components have been removed and generating analyzed pulse wave data from which body motion compo- 
nents have been removed; and a respiratory waveform generator for generating analyzed respiratory waveform data by 
removing frequency components con'esponding to pulse wave components from the analyzed pulse wave data from 
which body motion components have been removed, and generating as the respiratory component a respiratory wave- 
form by perfbnning inverse wavelet transformation on the analyzed respiratory waveform data. f35 Is an exercise inten- 
sity generating means for calculating the exercise intensity txased on the respiratory components extracted by the 
respiratory component extracting means. In this case, the exercise intensity can be calculated based on the ratio of the 
frequency components obtained by performing frequency analysis on the extracted respiratory component. 

3-4: Embodiment 1 

3-4-1 : Structure of Embodiment 1 

[051 9] The structure of exercise intensity detecting device 3 according to the first embodiment in Chapter 3 will now 
be explained with reference to the figures. 

3-4-1-1: External structure of Embodiment 1 

[0520] The external structure of exercise intensity detecting device 3 is the same as the pulse wave diagnosing device 
explained in the first chapter (see FIG. 2). Namely, exercise intensity detecting device 3 is approximately formed of 
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device main body 1 10 having a wristwatch structure, cable 120 connected to device main body 1 10, and pulse wave 
detection sensor unit 130 provided to the end of cable 120. 

[0521 ] TTie circuit structure for pulse wave detection sensor unit 1 30 which functions as pulse wave detecting means 
f31 is the same as that of the pulse wave diagnosing device explained in Chapter 1 (see FIG. 3). 

5 

3-4-1-2: Electrical structure of Embodiment 1 

[0522] Next, the electrical structure of the first embodiment is shown in FIG. 62. In this figure, 310 is a pulse wave 
detector, corresponding to pulse wave detection sensor unit 130 explained above. Pulse wave detector 310 detects 

10 pulse waveform t\AH which expresses the size of the pulse. 31 1 is a body motion detector, composed of an acceleration 
sensor for example. Body motion detector 31 1 is provided inside watch case 200, and detects the body motion wave- 
form TH expressing the body motion generated by the swinging nxjvement of the arms, etc., during running. 
[0523] 312 is a waveform processor fbr perfbrming a fixed waveform processing on body motion waveform TH. 313 
is a Ijody motion component remover. Waveform processing is performed to accurately remove the body motion com- 

15 ponents in body motion conrponent remover 313. tf a body motion component in pulse waveform MH is designated as 
MHt and the true pulse wave component O-e.. the pulse waveform from which body motion components have been 
removed) is designated as MH*. then MH=MHt+MH' . Body motion waveform TH is detected as the acceleration speed 
of arm swinging fbr example. However, since blood flow is effected by the blood vessels and tissues, body motion com- 
ponent MHt blunts body motion waveform TH. Accordingly, waveform processor 312 is formed of a suitable low-pass 

20 fitter. Note that the form and coefficient of the low-pass filter can be calculated from a value obtained by experiments. 
As a result, body motion component MHt can be obtained from body motion waveform TH. Body motion conponent 
remover 313 generates pulse wavefbnn MH* from which body motion components have been removed by subtracting 
body motion component MHt from pulse waveform MH. 

[0524] Next, 314 is a respiratory component extractor, formed from a CPU (central processing unit). A/D converter, 

25 and the like. In this example, pulse waveform MH' from which body motion components have been removed is con- 
verted from an analog to a digital signal by A/D converter, and taken up by the CPU as pulse wave data MH' from which 
body motion components have been removed. Respiratory component extractor 314 performs frequency analysis by 
carrying out FFT processing on pulse wave data MH' from which body motion components have been removed. 
[0525] FIG. 63 is a figure schematically showing a simplification of the results obtained when FFT processing is per- 

30 formed on pulse wave data MH' from which body motion components have been removed. In this figure, the maximum 
peak frequency In low frequency region U= Is fundamental frequency Fv1 of the respiratory component, while the max- 
imum peak frequency in high frequency region HF Is fundamental frequency conponent Fml of the pulse wave. FIG. 
.64 shows an enlargement of low frequency region LF shown in FIG. 63. It may be understood from this figure that the 
respiratory components are formed of the fundamental frequency Fvl and higher harmonic waves Fv2. Fv3, Fv4... 

35 thereof. In this example, respiratory conponent extractor 314 specifies the maximum peak frequency by performing 
FFT processing on pulse waveform MH' from whteh body motion components have been removed. Since the funda- 
mental conponent of the pulse wave is maximal. Fml is specified as the maximum peak frequency. The maximum peak 
frequency in the frequency region which is lower than Fml is then specified. Frequency components which are In a 
region which is lower than the pulse wave conponent correspond to the respiratory component. Accordingly, the fre- 

40 quency Fvl of the fundamental wave of the respiratory conponent is specified. Respiratory component extractor 314 
detects level LI of Fvl . and levels L2. L3, L4... of the higher harmonic wave frequencies Fv2, Fv3, Fv4... thereof. Note 
that in this example, the higher harmonic wave frequencies are limited to a frequency below Fml . This is because when 
the frequency is above Fml. a pulse wave conponent is present so that, assuming that Fm1 is an integer multiple of 
Fvl , it is not possible to separate the respiratory component. 

45 [0526] 315 is an evaluator and is formed of a CPU. ROM or the like. The CPU calculates distortion factor K in the 
respiratory waveform based on L1,L2,L3,L4... detected by respiratory conponent extractor 314. Specifically, the CPU 
calculates distortion factor K according to the following equation. 

K= (L2^+L3^+L4^..) ^'^/Ll 

50 

[0527] However, as explained above, when the subject is at rest, the duration of inspiration is longer than the duration 
of exhalation. However, as exercise intensity X increases, the difference between the duration of inhalation and expira- 
tion becomes smaller, with the respiratory waveform gradually approaching a sinusoidal wave. Moreover, as exercise 
intensity X becomes larger, the respiratory waveform becomes considerably disturbed. In other words, provided that 
55 exercise intensity X does not exceed a given limit, then as exercise intensity X becomes larger, the ratio of the higher 
hannonic wave components with respect to the fundamental components decreases. When exercise intensity X 
exceeds a given limit, the ratio of the higher harmonic wave components with respect to the fundamental components 
increases suddenly. This means that there is a constant relationship between exercise intensity X and distortion factor 
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K In the respiratory waveform, such that as exercise intensity X increases, distortion factor X decreases, with distortion 
factor K increasing suddenly when exercise intensity X exceeds a given limit. Accordingly, if the relationship between 
distortion factor K and exerdse intensity X is determined in advance, then exercise Intensity X can be obtained from dis- 
tortion factor K. 

5 [0528] Next, exercise intensity X is stored In ROM in association with distortion factor K. Accordingly, provided that 
distortion factor K can be accessed in ROM as an address, exercise intensity X can be calculated. In this sense, then, 
ROM functions as an exercise intensity table. Note that exercise intensity X may be graded in five stages or three 
stages. In this case, the exercise intensities X stored in ROM may be expressed in the form of a specific number of 
stages. 

10 [0529] Next. 316 Is a display. The LCD 210 explained above corresponds to display 316. Display 316 may display 
exercise Intensity X as a numerical number without modification, or may employ a bar graph or the like using a dot dis- 
play region. Evaluator 316 may be designed to grade exercise intensity X. and display tetters or symbols according to 
the stage. For example, if exercise intensities corresponding to walking, jogging, and short distance running are desig- 
nated as XI , X2. and X3, while an exercise Intensity that Is too large and may impair health is designated as X4, display 

15 316 may display messages stating "light exercise" at XI , "moderate exercise" at X2. "intense exercise" at X3. and "dan- 
ger" at X4. In addition, it is also acceptable to display exercise Intensity X in association with the face chart shown in 
FIG. 65. 

3-4-2: Operation of Embodiment 1 

20 

[0530] The operation of the first embodiment will now be explained with reference to the figures. FIG. 66 is a flow chart 
showing the operation of the first embodiment. The example explained here will be one in which a subject who is not 
nooving begins to run. with his running speed gradually increasing. First, the subject operates button switches 111-115 
(see FIG. 3) to place the device in the exercise intensity measurement mode (step S1). Pulse waveform MH is then 

25 detected by pulse wave detector 310 (step S2) . 

[0531 ] Body motion detector 31 1 detects body motion waveform TH expressing the subject's body motion (step S3), 
and pulse wave processor 312 performs waveform processing on body motion waveform TH (step S4). This waveform 
processing is performed to transfbrm body motion waveform TH into body motion conrponent MHt in pulse waveform 
MH. Accordingly, body motion component remover 313 generates pulse waveform MH' from which body motion com- 

30 ponents have been removed by subtracting body motion component MHt from pulse waveform MH (step S5). 

[0532] Respiratory component extractor 313 performs frequency analysis by carrying out FFT on pulse waveform MH* 
from which body motion components have been removed. Based on the results of this analysis, the maximum peak fre- 
quency is specified out of all the frequency components of pulse waveform MH' from which body nrKrtlon components 
have been removed (step S6). In this case, fundamental frequency Fml of the pulse wave component is specified. Sub- 

35 sequently. respiratory component extractor 313 detects the fundamental frequency Fvl of the respiratory component 
by specifying the maximum peak frequency below Fml (step S7). Next, respiratory component extractor 313 calculates 
the respiratory frequency components. Specifically the frequencies Fv2. Fv3, Fv4... of each of the higher harmonic 
waves are detected by using Integer multiplies of fundamental frequency Fvl, and the levels L1, L2. L3, L4,... corre- 
sponding to fundamental frequency Fvl and each higher harmonic wave frequency Fv2, Fv3, Fv4... are determined. 

40 [0533] Next, evaluator 315 calculates distortion fector K In the respiratory frequency components based on respiratory 
frequency components LI . L2, L3, L4... (step S9). Since the relationship between distortion factor K and exercise inten- 
sity X is stored in advance in ROM. exercise intensity X is obtained by accessing ROM based on distortion factor K (step 
S10). Exercise intensity X is displayed on display 316, thereby informing the subject thereof. 
[0534] In the first embodiment, body motion detector 31 1 and waveform processor 312 are employed to generate the 

45 body motion component MHt which is superimposed on pulse waveform MH. and this body motion component MHt is 
then removed. As a result, respiratory component extractor 314 can extract the respiratory component even during 
exercise. In addition, since exercise intensity X can be calculated based on distortion factor K In the respiratory compo- 
nent, it becomes possible for the subject to readily know his exercise intensity X without any additional kxjrden placed 
on him. 

50 

3-5: Embodiment 2 

3-5-1 : Structure of Embodiment 2 

55 [0535] The structure of exercise intensity detecting device 3 according to the second embodiment of the present 
invention will now be explained with reference to the figures. The external structure of exercise intensity detecting 
device 3 according to the second embodiment is the same as that of the first embodiment. With the exception of the 
internal structure of respiratory component extractor 314 and evaluator 315. the electrical structure of exercise Intensity 



58 



EP0 947 160A1 



detecting device 3 according to the second embodiment is the same as that of exercise intensity detecting device 3 
according to the first embodiment shown in FIG. 62. An explanation will now be made of respiratory component extrac- 
tor 314 and evaluator 315. 

[0536] FIG. 67 is a block diagram showing the internal structure of respiratory component extractor 314 and evaluator 
5 315 according to the second emt>odiment Respiratory component extractor 31 4 is formed of wavelet transformer 320. 
respiratory component generator 312 and inverse wavelet transformer 322. 

3-5-1-1 : Wavelet transformer 

10 [0537] Wavelet transformer 320 carries out conventional wavelet transformation on pulse waveform MH' from which . 
body motion components have been removed which is output from body motion component remover 313, and gener- 
ates analyzed pulse wave data MKD from which body motion components have been removed. 
[0538] Wavelet transformation is defined by equation 1 explained in Chapter 1 . with wavelet transformer 320 formed 
so as to be able to calculate equation 1 . The main parts of wavelet transformer 320 are formed in the same way as base 

15 function developer W shown in FIG. 5. However, in this case, pulse wave data MH' from which body motion components 
have been removed, which Is obtained by subjecting a pulse waveform MH' from which body nnotion components have 
been removed to A/D conversion, is supplied instead of pulse wave data MD. 

[0539] In this example, analyzed pulse wave data MDK from which^'bbdy motion components have been removed is 
segregated into the frequency regions 0Hz-0.5Hz. 0.5Hz-1.0Hz, 1.0HZ"-1.5Hz. 1.5Hz--2.0Hz. 2.0Hz-2.5Hz, 
20 2.5Hz'-3.0Hz, 3.0Hz~3.5Hz, and 3.5Hz-4.0Hz. and output. 

3-5-1-2: Respiratory component generator 

[0540] At each frequency region, respiratory component generator 321 compares analyzed pulse wave data MKD 
25 from which body motion components have been removed, and specifies the region having the maximum energy com- 
ponent. Frequency components above this are removed to generate analyzed respiratory waveform data VKD. The rea- 
son why frequency regions above the region having the maximum energy component are removed is because 
fundamental frequency components of the pulse wave component are present in the frequency region having the max- 
imum energy component. 

30 [0541] If analyzed pulse wave data MKD from which body motion components have been removed is as shown in 
FIG. 68, the region indicated by the oblique lines in FIG. 69 is specified as the maximum energy component in each 
period t1-t8. In this case, the high frequency regions above the region indicated by the oblique lines are substituted by 
"0". and the data shown In FIG. 70 is generated as analyzed respiratory waveform data VKD. 

35 3-5-1-3: Inverse wavelet transformer 

[0542] Conversely, inverse wavelet transformer 322 has a correlative relationship with wavelet transformer 320. 
Inverse wavelet transformer 322 calculates equation 2 explained in Chapter 1 . generates respiratory waveform data VD. 
performs A/D conversion on this waveform data, and outputs respiratory waveform VH. 
40 [0543] Respiratory component extractor 314 extracts respiratory waveform VH based on pulse wave data MH' from 
which body motion oonponents have been removed. Next, evaluator 315 is formed of zero cross comparator 323, duty 
ratio detector 324 and exercise intensity table 325. 

3-5-1-4: Zero cross comparator 

45 

[0544] Zero cross comparator 323 is formed of a condenser C and OP amp OP as shown in FIG. 71 . The value of 
condenser C is set so that respiratory waveform VH can be sufficiently transmitted. OP anp OP generates rectangular 
wave S by comparing respiratory waveform VH with the zero level. Respiratory waveform VH is supplied to OP amp OP 
via condenser C. Accordingly, waveform shaping is performed on rectangular wave S using the average-value level of 
50 respiratory waveform VH as a threshold value. 

[0545] As discussed above, as exercise intensity X inaeases. the difference between the duration of inspiration and 
the duration of exhalation decreases. Accordingly, as exercise intensity X increases, the duty ratio of rectangular wave 
S approaches 50%. 

55 3-5- 1 -5: Duty ratio detector 

[0546] Next, the circuit diagram for duty ratio detector 324 and the timing chart therefor are shown in FIG. 72 and FIG. 
73 respectively Clock signal CK (see FIG. 73A) is supplied to one of the inputs of gates 241. 242. Rectangular wave S 
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(see FIG. 73B) is supplied to the other input of gate 241 . A rectangular wave S which has been inverted by Inverter 240 
is supplied to the other input of gate 242. Gates 241 .242 are controlled by clock signal CK. The output signal of gate 
241 permits passage of clock signal CK only during periods when rectangular wave S is at a high level as shown in FIG. 
73C. On the other hand, the output signal of gate 242 permits passage of dock signal CK only during periods when 
5 rectangular wave S is at a low level as shown in FIG. 73D. 

[0547] The output signals from gates 241 ,242 are supplied to counters 243.244. The counter value CI of counter 243 
indicates the high level interval for rectangular wave S and the counter value C2 of counter 244 indicates the low level 
interval for rectangular wave S. 

[0548] Divider 245 calculates C1/C2. and outputs this result as the duty ratio. This division calculation is performed 

10 at time T shown in FIG. 73, with counters 243,244 immediately reset thereafter. 

[0549] The division result DR in this example Is equal to high level interval C1/low level interval C2. Thus, as exercise 
intensity X becomes larger, the calculated result DR approaches T. However, when exercise intensity X increases 
considerably, exceeding a given limit, the respiratory waveform becomes greatly disturbed. Thus, in the case of an exer- 
cise intensity X of this type, the division result DR changes violently Conversely, in the region of an ordinary exercise 

75 intensity X. the duty ratio of the respiratory waveform does not change suddenly The structure explained below is for 
specifying the limit value Xmax for exercise intensity X by detecting the continuity of the calculated resuK DR. i.e., by 
detecting the continuity of the duty ratio. 

[0550] Division result DR is supplied to and stored In memory 246. The memory contents are renewed each time the 
next calculated result DR is output. Subtracting member 247 subtracts the immediately preceding calculated result DR' 
20 from the current calculated result DR. and comparing member 248 determines whether or not the subtracted result 
ADR is present within limits which have been determined in advance. Specifically, conparing member 248 determines 
whether or not the following equation is satisfied. 

+K > ADR > -K 

[0551 ] -i-K, -K are set so tiiat it is possible to determine whetiier or not the continuity of tine duty ratio of the respiratory 
waveform has been interupted once exercise intensity X exceeds a limit value Xnnax. 

[0552] When the above equation is satisfied, a determination is made that the current exercise is of a regular intensity, 
and the signal output from comparing member 248 becomes high level. Conversely, when the above equation is not sat- 
isfied, a determination is made that exercise intensity X has exceeded limit value Xmax, and the signal output from com- 
paring member 248 becomes low level. 

[0553] Synthesizer 249 outputs calculated result DR when tiie output signal from comparing member 248 is at a high 
le^el. and outputs a value for which a calculated result DR cannot be obtained. "0' for example, when the output signal 
from comparing member 248 is at a low level. 

3-5-1-6: Exercise intensity table 

[0554] Next, exercise intensity table 325 (see FIG. 67) Is formed of ROM or the like. Exercise intensities X are stored 
in exercise intensity table 325 in association with calculated results DR. Accordingly, exercise Intensity X can be 
40 obtained by accessing exercise intensity table 325 and referencing calculated results DR. When a value such as "0" for 
which a calculated result DR cannot be obtained has been Input, limit value Xmax is output 
[0555] As a result, the respiratory waveform is extracted from the pulse waveform, and exercise Intensity X can be 
obtained from the duty ratio thereof. 

45 3-5-2: Operation of Embodiment 2 

[0556] Next, tiie operation of the second embodiment will be explained with reference to the figures. FIG. 74 is a flow 
chart showing the exercise Intensity detecting device 3 according to tiie second embodiment. In this figure, the process- 
ing in steps SI through S5, which is the same as the operations of the first embodiment shown in FIG. 66. removes tiie 
so body motion waveform from the pulse waveform and generates pulse waveform MH* from which body motion compo- 
nents have been renfX)ved. 

[0557] Wavelet transformer 320 performs wavelet transformation on pulse wave data MH' from which body motion 
components have been removed, to generate analyzed pulse wave data MKD from which body motion components 
have been removed. This analyzed pulse wave data MKD from which body motion components have been removed 
55 contains a pulse wave component and a respiratory component. The pulse wave component is present at a higher fre- 
quency region than the respiratory component and has higher energy as compared to the energy of the respiratory 
component. Respiratory component generator 321 substitutes a "0" for the regions above tiie maximum energy fre- 
quency region of analyzed pulse wave data MKD from which body motion components have been removed, and the 
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generates respiratory waveform data VKD (step S21). 

[0558] Conversely, when inverse wavelet transformer 322 performs inverse wavelet transformation on respiratory 
waveform data VKD and generates respiratory waveform VH. zero cross comparator 323 compares respiratory wave* 
form VH with the level of the average value therefor and generates rectangular wave S. Duty ratio detector 324 detects 
5 the duty ratio of rectangular wave S (step S23) . 

[0559] Exercise intensity table 325 determines exercise intensity X by referencing the data output by duty ratio detec- 
tor 324 (step S24). and display 316 displays exercise intensity X (step S25). As a result, the subject is informed of exer- 
cise intensity X. 

[0560] In the second embodiment, the body motion component MHt which is sup^imposed on pulse waveform MH 
10 is generated by body motion detector 31 1 and waveform processor 312, and removed. As a result, respiratory compo- 
nent extractor 314 Is able to extract the respiratory waveform using wavelet transformation, even when the subject is 
exercising. By calculating exercise intensity X based on the duty ratio of the respiratory waveform, it becomes possible 
for the exercise intensity X to be readily known by the subject without imposing any additional burden on him. 

15 3-6: Embodiment 3 

3-6-1 : Structure of the third embodiment 

[0561 ] The structure of exercise intensity detecting device 3 according to the third embodiment of the present inven- 
20 tlon will now be explained with reference to the figures. The external structure of exercise intensity detecting device 3 
according to the third embodiment is the same as that of the first embodiment. With the exception that removal of body 
motion components is performed after FFT processing, the electrical structure of exercise intensity detecting device 3 
according to the third embodiment is the same as that of exercise intensity detecting device 3 according to the first 
embodiment shown In FIG. 62. 

25 [0562] FIG. 75 is a block diagram showing the structure of exercise intensity detecting device 3 according to the third 
embodiment. In this figure, the numerals 30 and 31 indicate first and second FFT processors respectively, which are 
formed of a CPU and the like. First FFT processor 330 performs FFT processing on pulse waveform MH to generate 
analyzed pulse wave data MFD. Second FFT processor 331 performs FFT processing on body motion waveform TH 
and generates analyzed body motion data TFD. 

30 [0563] Body motion component remover 3 1 3 removes the spectrum frequency components corresponding to each of 
the spectrum frequencies in analyzed body motion data TFD from among the spectrum frequency components of ana- 
lyzed pulse wave data MFD, and generates analyzed pulse wave data MKD from which body motion components have 
been rennoved. In this analyzed pulse wave data MKD from which body motion components have been removed, the 
maximum peak frequency in the low frequency region is fundamental frequency Fvl of the respiratory component, 

35 while the maximum peak frequency in the high frequency region is fundamental frequency Fml for the pulse wave, 
[0564] Respiratory component extractor 314, evaluator 315, and display 316 are identical to the first embocGment, so 
that an explanation thereof will be omitted here. 

3-6-2: Oper^ion of third embodiment 

40 

[0565] Next, the operation of exercise intensity detecting device 3 according to the third embodiment will be explained 
with reference to the figures. FIG. 76 is a flow chart showing the operation of exercise intensity detecting device 3 
according to the third embodiment. 

[0566] First, when the main body of the device is set in the exercise intensity measurement mode (step SI), pulse 
45 wave detector 310 detects pulse waveform MH. First FFT processor 330 performs FFT processing on pulse waveform 
MH. and generates analyzed pulse wave data MFD (step S32). When body motion detector 31 1 detects body motion 
waveform TH expressing the subject's body motion, second FFT processor 331 performs FFT processing on body 
motion waveform TH, and generates analyzed body motion data TFD. 

[0567] Body motion component remover 313 removes the body motion components from analyzed pulse wave data 
50 MFD. and generates analyzed pulse wave data MKD from which body motion components have been removed. FIG. 
77 shows one example of the relationship between analyzed pulse wave data MFD, analyzed body motion data TFD 
and analyzed pulse wave data MKD from which body motion components have been removed. The operation to remove 
body motion components will be explained using this figure. First. FIG. 77A shows the details of analyzed pulse wave 
data MFD, while FIG. 77B shows the details of analyzed body motion data TFD. In this example, body motion compo- 
55 nent remover 313 specifies each of the spectrum frequencies Ftl ~Ft6 shown in FIG. 77B based on analyzed body 
motion data TFD. Body motion component remover 313 then renrraves the spectrum frequency components conre- 
sponding to spectrum frequencies Ft1~Ft6 from among all the spectrum frequency components of analyzed pulse 
wave data MFD. and generates the analyzed pulse wave data MFD from which body motion components have been 
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removed which is shown in FIG. 77C. 

[0568] Body motion waveform TH may be detected as the aoceleration of arm swinging for example. However, since 
blood flow is influenced by the blood vessels and tissues, analyzed body motion data TFD and the body motion com- 
ponent of analyzed pulse wave data MFD are not equivalent Specifically, as shown in FIGs. 77B and 77 A. the spectrum 

5 frequency components con^esponding to spectrum frequencies Ft1 -Ft6 differ between analyzed pulse wave data MFD 
and analyzed body motion data TFD. Accordingly, in this example, analyzed body motion data TFD is not subtracted 
from analyzed pulse wave data MFD, but rather the spectrum frequency conponents corresponding to spectrum fre- 
quencies Ftl -Ft6 are removed. As a result, it is possible to generate pulse wave analysis data MKD from which body 
motion components have been sufficiently removed. 

10 [0569] Next, respiratory component extractor 313 specifies the maximum peak frequency out of all the spectrum fre- 
quency components based on analyzed pulse wave data MKD from which body motion conrponents have been 
removed (step S35). In this case, fundamental frequency Fml of the pulse wave component is specified. Next, the 
processing in steps S7-S1 1 explained using FIG. 66 in the first embodiment are executed, and exercise intensity X is 
displayed on display 316. 

IS [0570] Thus, in the third embodiment, FFT processing is performed on pulse waveform MH and body motion wave- 
form TH to remove the body motion components. Accordingly, the waveform processor 312 discussed in the first 
embodiment can be omitted. As a result, respiratory component extractor 314 is able to extract the respiratory oonfYpo- 
nent even during exerciseTMoreover, since exercise intensity X is calculated by evaluator 31 5 based on distortion factor 
K in the respiratory component, the subject is able to readily know the exercise intensity without any additional burden 

20 being applied on him. 

3-7: Embodiment 4 

[0571] In the first through third embodiments, body motion components were removed by detecting the body motion 
25 waveform using body motion detector 3 1 0 and then removing the body motion components from the frequency compo- 
nents of pulse waveform MH based on the detected body motion waveform. In the fourth embodiment, however, body 
motion components are rennoved without using a body motion detector 310. 

3-7-1 : overall structure of Embodiment 4 

30 

[0572] The structure of exercise intensity detecting device 3 according to the fourth embodiment will be explained with 
reference to the figures. The external structure of exercise intensity detecting device 3 according to fourth embodiment 
is the same as that of the first embodiment. The electrical structure of exercise intensity detecting device 3 according 
to the fourth embodiment is shown in FIG. 78. The same numerical symbols have been applied to structures which are 

35 the same as those shown in FIG. 75. 

[0573] The structure of the exercise intensity detecting device 3 of this embodiment differs from that of the exercise 
intensity detecting device 3 of the third embodiment shown in FIG. 75 in that body motion detector 311 and second FFT 
processor 331 are not provided, pulse wave component remover 314 is provided in place of body motion component 
remover 313, and a respiratory component extractor 313* having an altered internal structure as conrtpared to respira- 

40 tory component extractor 31 3 is provided. These points of difference will be explained below. 

3-7-1-1: Pulse wave component remover 

[0574] Pulse wave component remover 31 3* is formed of a low-pass filter and removes pulse wave components from 
45 analyzed pulse wave data MFD, to generate analyzed data MD' from which the pulse wave components have been 
removed. The cut-off frequency of the low-pass filter is selected to be slightly lower than the fundamental frequency of 
the pulse wave components in this case. This is because the frequencies of the fundamental waves of the body motion 
component and the respiratory component are lower than the fundamental frequency of the pulse wave component. 
Specifically, a cut-off frequency is set which is slightly lower than the fundamental frequency of the pulse wave compo- 
se nent measured when the subject is at rest 

[0575] For example, if the cut-off frequency fc of the low-pass filter and the analyzed pulse wave data MFD are related 
as shown in FIG. 79, then analyzed data MD' from which the pulse wave components have been removed becomes as 
shown in FIG. 80. 

55 3-7-1-2: Respiratory component extractor 

[0576] Respiratory component extractor 3 1 3' extracts the respiratory components from analyzed data MD' from which 
the pulse wave components have been removed, and is formed of a CPU and the like. FIG. 81 is a block diagram of the 
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detailed functional structure of respiratory component extractor 313'. 

[0577] In this figure, spectrum extractor 340 extracts two spectrum frequencies as one pair from each spectrum fre- 
quency in analyzed data MD' from which the pulse wave components have been removed. The lower spectrum fre- 
quency Is output to fundamental frequency table 341 and the higher spectrum frequency is output to difference detector 
5 342. 

[0578] For example, if the analyzed data MD' from which the pulse wave components have been removed is as shown 
in FIG. 80, then optional spectrum frequencies are extracted as one pair from among the spedrum frequencies f 1 ~f 14. 
In this case, the number of pairs of extracted spectrum frequencies is just 91 (=i 402). If the pair of spectrum frequencies 
Is f 1 and f3. then f 1 is output to fundamental frequency table 341 and f3 is output to difference detector 342. 

10 [0579] Fundamental frequency table 341 is composed of ROM or the like, and stores in advance fundamental fre- 
quency Ftl of the body motion component in association with fundamental frequency fml of the respiratory component. 
The content of this fundamental frequency table 341 is formed of actual measured values. 
[0580] In order to set the data for fundamental frequency table 341 , tiie present inventors varied the running speed 
of test subjects in a stage-like manner, and measured tfie relationship between respiratory rate and running pitch. FIG. 

IS 82 shows the results of these measurements. Running pitch is tiie number of steps per unit time. In tiiis example, pulse 
wave detector 310 (pulse wave detection sensor unit 130 ) is attached to the base of the finger as shown in FIG. 3. 
Acrardingty, the body motion components present in pulse waveform MH detected in this way will be effected by the 
swinging motion of ttie arms. Altiiough the relationship between running pitch and arm swinging varies depending on 
whetiier tiie arms are swung vigorously or smoothly, in general the arms swing one time per two pitches. The period of 

20 one arm swing con^esponds to tiie period of the body motion waveform. Accordingly, if running pitch (times/min) is des- 
ignated as P and tiie respiratory rate (breaths/min) is designated as V, then the fundamental frequency Ftl of the body 
motion conponent and tiie fundamental frequency Fvl of tiie respiratory component are given by the fbltowing equation 
using running pitch P and respiratory rate V. 

25 Ftl = P/(60 • 2), Fvl = V/60 

[0581] By converting into tiie graph shown in FIG. 82 using tiie above equation, tiie relationship between the funda- 
mental frequency Ftl of the body motion component and tiie fundamental frequency Fvl of the respiratory component 
can be obtained. This Is shown in FIG. 83. The content of fundamental frequency table 41 is shown in FIG. 83, for exam- 

30 pie. 

[0582] Next, difference detector 342 detects the difference between ttie other spectrum frequencies output from spec- 
trum extractor 340 and tiie frequency output from fundamental frequency table 41 . Assuming that the pair of spectrum 
frequencies extracted by spectrum extractor 340 is fundamental frequency Ftl of ttie body motion component and fun- 
damental frequency Fvl of the respiratory component, ttien Fvl is supplied to fundamental frequency table 41 and Ftl 
35 is output. Accordingly, tiie output of difference detector 342 become "0". On the otiier hand, if tiie pair of spectmm fre- 
quencies extracted by spectrum extractor 340 is Fvl and F (where Fv1<F), then the output from difference detector 342 
is *'|F-Ftir. Accordingly, the pair of spectrum frequencies at which tiie output of difference detector 342 Is smallest 
becomes Ftl, Fvl. 

[0583] Next, comparing member 343 compares the output of difference detector 342 for each pair of spectrum fre- 
40 quencies output from spectrum extractor 340. specifies tiie pair for which the output difference Is smallest, and outputs 
the lower spectrum frequency forming the pair In tills case, the specified pair is Ftl, Fvl, which are related such that 
Ft1>Fv1 . Accordingly, fundamental frequency Fvl of tiie respiratory component is output from comparing member 343. 
[0584] Next, higher harmonic wave frequency generator 344 multiplies fundamental frequency Fvl of the respiratory 
component by an integer to generate Fv2. Fv3, Fv4..., and outputs levels LI. L2, L3. L4... conresponding to these, as 
45 the respiratory components. 

[0585] In this way. tiie generated respiratory component is supplied to evaluator 315 explained in tiie first embodi- 
ment, exercise intensity X is generated based on distortion factor K, and ttien displayed on display 316. 
[0586] This embodiment focuses on tiie relationship between fundamental frequency Ftl of tiie body motion compo- 
nent and fundamental frequency Fvl of the respiratory component, removing the body motion components and tiie res- 
50 piratory components at respiratory component extractor 314*. Thus, exercise intensity X can be obtained based on tiie 
respiratory component, even if a body motion detector 311 and second FFT processor 331 are not employed. As a 
result, it is possible to make the device smaller and lighter, enabling the provision of an exercise Intensity detecting 
device 3 which is easier for tiie subject to use. 

55 3-8: Modifications for Chapter 3 

[0587] The present invention is not limited to the embodiments described above, but rattier, the following modifications 
are possible. 
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3-8-1 : RKering based on pulse rate 

[0588] As exercise Intensity X increases, the oxygen consumed by skeletal muscle also increases, causing the respi- 
ratory and pulse rates to Inaease. There is a constant relationship between the respiratory and pulse rates. FIG. 84 
5 shows one example of the pulse and respiratory rates while running. Respiratory component extractor 31 4 in the first 
through fourth embodiments may perform filtering in association with the pulse rate. 

[0589] Specifically, a table is provided in which the relationship between pulse rate and respiratory rate has been 
stored in advance, and the respiratory rate (60/Fv1) estimated from the pulse rate (60/Fm1) using this table is obtained. 
A band pass filter in which the estimated fundamental frequency of the respiratory component is designated as the cen- 
to tral frequency is employed to extract fundamental frequency Fvl of the respiratory component. It is acceptable in this 
case that filtering be carried out digitally 

[0590] As a result, a more accurate respiratory component can be extracted. 

3-8-2: Calculation of exercise intensity X focusing on third order higher harmonic wave component Fv3 

IS 

[0591] It was considered in the first eni)odiment that the characteristics of the respiratory waveform were best 
expressed in the third order higher harmonic wave component Fv3. Accordingly, it is acceptable to obtain. exercise 
intensity X by focusing on the third order higher harmonic wave component Fv3 of fundamental frequency Fvl . In this 
case, respiratory component extractor 314 extracts fundamental frequency Fvl and its third order higher harmonic 
20 wave Fv3. Evaluator 315 calculates L3/L1 from levels L1. L3 corresponding to fundamental frequency Fv1 and third 
order higher harmonic wave Fv3. Exercise intensity X can then be determined by referencing the exercise intensity table 
in which the relationship between L3/L1 and exercise intensity X were stored in advance. As a result, it is not necessary 
to calculate distortion factor K. Thus, calculation processing becomes simple and, as a result, a faster processing speed 
can be realized and the load on the CPU reduced. 

25 

3-8-3: Frequency analysis method in first embodiment 

[0592] Frequency analysis was performed in the first embodiment using FFT, however the present invention is not 
limited thereto. Rather, any method may be employed provided it carries out frequency analysis. For example, wavelet 
30 transformation may be employed. While frequency analysis can be conducted in a short time in wavelet transformation, 
the frequency analysis tends to become rough as the amount of time allotted therefor is reduced. Accordingly, the fre- 
quency region can be made finer if the unit (time resolution) for the analysis duration can be lengthened to some extent. 

3-8-4: Example of filter bank use 

35 

[0593] Wavelet transformer 320 carried out base function development to realize wavelet transformation in the second 
embodiment. However, the present invention is not limited thereto. Rather wavelet transformation can be realized using 
a filter bank. An an^ngement such as shown in FIG. 30 explained in Chapter 1 may be employed for the filter bank. 
High-pass filter 1 A and low-pass filter 1 B may be formed of transversal filters which include a delay element (D flip-flop) 

40 internally The human pulse rate is in the range of 40-200 beats/min. The fundamental frequency of pulse waveform MH 
varies over time according to the physiological state. If the region divided in synchronization with the fundamental fre- 
quency can be varied, then dynamic information tracking the physiological state can be obtained. Accordingly, the band 
to be divided can be varied by setting the clock supplied to the transversal filter to pulse waveform MH. 
[0594] It is also acceptable to use a filter bank to form inverse wavelet transformer 22. In this case, the an^angement 

45 shown in FIG. 31 explained in Chapter 1 may be employed for the filter bank. High-pass filter 2A and low-pass filter 2B 
may be formed of a transversal filter including a delay element (D flip-flop) internally 

3-8-5: Modification of notifying means 

50 [0595] The preceding embodiments employed display 316 as one example of a notifying means, however, various 
modifications are of course possible, as explained in section 1-8-6, entitled "Other examples of notifying means", in 
Chapter 1. 

3-8-6: Modification of arangement for use 

55 

[0596] In the preceding enit>odiments, the exercise Intensity detecting device took the form of a wristwatch structure, 
however, the present invention is not limited thereto. For example, the device may also be in the form of a pair of eye- 
glasses (see FIG. 34), necklace (see FIG. 35), card (see FIG. 36) or pedometer (see FIG. 37), as described in Chapter 



64 



EP0 947160A1 



1. 

3- 8-7: Modification of pulse wave detecting means 

5 [0597] In the preceding embodiments, pulse wave detection sensor unit 1 30 was used as one example of pulse wave 
detecting means f1. However, the present invention is not limited thereto. Rather, any means is acceptable as long as 
it can detect the pulse. 

[0598] For example, the pulse wave may be detected using a pressure sensor or transmitted light method as 
explained in Chapter 1 under section 1-8-7-1, entitled "Detection method". 

10 

Chapter 4 

4- 1: Summary 

15 [0599] The heart is a muscular organ comprised primarily of cardiac muscle, which contracts at a regular rhythm to 
expel blood into the aorta. The heart is divided into atria, positioned at the top portion thereof, and ventricles, positioned 
at the lower portion thereof. The atria and ventricles are divided into left and right sides by atrial and ventricular septa. 
The atria and ventricles repeatedly contract and expand with a regular rhythm, with there being a slight delay between 
atrial and ventricular contraction. Namely, when the atria are contracting, the ventricles are expanding, so that atrial 

20 blood pushes open the atrioventricular valve and blood rushes into the ventricle. The aortic value is closed at this time, 
preventing the blood in the aorta from flowing into the ventricle. 

[0600] Conversely, when the atria are expanding and blood from the pulmonary vein is being pulled in. the ventricles 
are contracting, sending ventricular blood into the aorta. At this point, the atrioventricular valve is pushed up from the 
ventricular side. The atrioventricular valve does not become inverted, however, due to the extension of tendonous 
25 threads which are formed extending from the ventricular wall to the valve. When the ventricles contract, the aortic valve 
is pushed against the aortic wall, allowing the blood to pass. At this point, the aorta expands and a portion of the blood 
expelled from the ventricle accumulates. 

[0601] Next, as the ventricles are expanding, the aorta is gradually contracting, propelling the accumulated blood 
toward the periphery Accordingly, even when blood from the ventricles is not being expelled, blood is always flowing 
30 through the aorta. 

[0602] The heart sends blood to the aorta in this way, with the volume of blood sent with each contraction refen-ed to 
as the stroke-volume-per-beat SV. The unit for stroke volume is liters. The product of stroke-volume-per-beat SV and 
heart rate HR (beats/min) is refen-ed to as cardiac output CO. The cardiac output CO indicates the amount of blood 
which is expelled from the heart each minute and has as its unit liters/min. 

35 [0603] In the case of a heart ailment, cardiac musde function deteriorates, so that it is no longer possible to expel a 
large volume of blood. As a result, stroke-volume-per-beat SV and cardiac output CO drop. On the other hand, in the 
case of an individual who is in training, such as a sports athlete, stroke-volume-per-beat SV and cardiac output CO 
increase as the exercise intensity increases. Thus, stroke-volume-per-beat SV and cardiac output CO reflect the quality 
of cardiac function. Accordingly, these values are frequently used as indicators when evaluating cardiac function. 

40 [0604] One of the inventors. Dr. Kazuo Uebaba. measured heart rate HR and stroke-volume-per-beat SV values when 
heart patients and healthy patients were sitting upright, reclining and standing upright. FIG. 85 shows the results of 
these measurements. 

[0605] As shown In this figure, the heart rate HR of a healthy patient conesponds to the load applied by each position, 
with the highest value readied when the subject was standing upright when the applied load is greatest. Since heart 
45 rate HR varies in response to the blood flow which is to be ejected from the heart, heart rate HR may be considered an 
index for the contractile force required of the cardiac muscle at that point in time. 

[0606] The heart rate HR of a heart patient, however, is not dependent on the subject's position, Ixrt is approximately 
constant. This phenomenon is also seen in patients, such as the elderly, in which cardiac function has deteriorated con- 
siderably, and who must rely on a pacemaker to set the heartbeat. In cases such as this, where it is not possible to con- 
50 trol the heart rate so that It Is proportional to the blood volume to be expelled by the heart, the heart rate is insufficient 
for the contractile force demanded of the cardiac muscle. 

[0607] In contrast, the stroke-volume-per-beat SV and cardiac output CO of heart patients have the same character- 
istics of variation as demonstrated by the heart rate of healthy patients. Accordingly, stroke-volume-per-beat SV and 
cardiac output CO are extremely useful as indices for evaluating cardiac function not only in healthy patients, but also 
55 in individuals such as heart transplant patients who are unable to control their heart rate HR. 

[0608] When measuring the cardiac output CO. it is necessary to first measure stroke-volume-per-beat SV. As one 
method of direct measurement, the internal pressure of the heart is measured using a cardiac catheter, and stroke-vol- 
ume-per-beat SV is calculated from this measured result. 
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[0609] In another method, the contraction period area method, arterial pressure is measured by attaching a cuff to 
the upper arm. and stroke-volume-per-beat SV is calculated from this pulse waveform. FIG. 86 shows a typical pulse 
waveform. For this pulse waveform, the pulsation of blood caused by the heart's contraction and expansion is measured 
at the periphery. Accordingly, the movement of the heart is reflected in the shape of this waveform. The symbol ED indi- 
5 cated in the figure refers to the ejection duration, and corresponds to the duration during which blood flows out from the 
heart during one beat. In the contraction period area method, area S Is calculated by integrating ejection duration ED 
and the blood pressure value for the pulse waveform correspondir^ to this duration. The calculated result is then mul- 
tiplied by coeffidem Ksv to calculate stroke-volume-per-beat SV. Cardiac output CO is calculated by the fbllowing equa- 
tion. 

10 

C0= S'K^/HR 

[061 0] The stroKe-volumei3er-beat SV and cardiac output CO are employed as indices fbr evaluating cardiac function 
as described above. If the subject is able to know stroke-volume-per-beat SV and cardiac output CO during an exercise 
15 such as running, then he is able to carry out scientific training. Moreover, in the case of patients with a heart ailment, 
cardiac function may deteriorate during daily activities leading to a critical state. Since stroke-volume-per-beat SV and 
cardiac output CO fall during this type of situation, knowing the stroke-volume-per-beat SV and cardiac output CO dur- 
ing physical labor aids the patient in managing his health. 

[0611] However, the method for measuring the Internal pressure of the heart using a cardiac catheter assumes that 
20 the subject is in a state of repose, so that it is not possible to continuously measure stroke-volume-per-beat SV and car- 
diac output CO during exercise or daily activities. 

[0612] Moreover, when employing a cuff, it becomes necessary to cover a large portion of the arm. increasing the 
burden on the subject. Moreover, when the subject moves his arms during exercise or daily activities, blood flow Is 
effected by that body motion, so that body motion components become superimposed on the pulse waveform. As a 
25 result, it is not possible to continuously measure the stroke-volume-per-beat SV or cardiac output CO during exercise 
or daily activities. 

[0613] Therefore, in Chapter 4, an explanation will be made in regard to a cardiac output detecting device and a 
stroke-volume-per-beat detecting device fbr continuously detecting the cardiac output CO and stroke volume per beat 
SV respectively while the subject is exercising or performing daily activities. In addition, a cardiac function diagnosing 
30 device for evaluating cardiac function based on cardiac output CO and stroke-volume-per-beat SV will also be 
explained. 

4-2: Cardiac output detecting device and cardiac function diagnosing device 

35 [0614] A cardiac output detecting device and a cardiac function diagnosing device employing this cardiac output 
detecting device will now be explained with reference to the figures. 

4-2-1 : Functional structure 

40 [061 5] The function of a cardiac function diagnosing device using a cardiac output detecting device will be explained 
with reference to the figures. FIG. 87 is a function block diagram of a cardiac function diagnosing device employing a 
cardiac output detecting device. In this figure, f41 is a pulse wave detecting means for detecting the pulse waveform. 
The pulse waveform is obtained by detecting the blood flow at the periphery, such as at the fingertip or base of the fin- 
ger, using an optical sensor. f42 is a body motion detecting means for detecting body motion and outputting a body 

45 motion waveform. In this way, motion of the body is detected. 

[0616] f43 is a body motion component removing means for generating the body motion components In the pulse 
waveform based on the body motion waveform, removing the body motion components from the pulse waveform and 
generating a pulse waveform from which body motion components have been removed. As a result, it is possit)le to gen- 
erate a pulse waveform which is not effected by body motion, even when the subject is exercising. 

so [061 7] Next, f44 is a heart rate detecting means for detecting the heart rate based on the pulse waveform from which 
body motion components have been removed. f45 is an ejection duration detecting means for detecting the ejection 
duration of the heart based on the pulse waveform from which body motion components have been removed. The ejec- 
tion duration is the duration of time required for the heart to expel blood into the aorta during one contraction. This ejec- 
tion duration will now be explained in detail. 

55 [061 8] FIG. 88 shows the relationship between the electrocardiogram, aortic pressure waveform, and the pulse wave- 
form at the periphery. In this figure, SW Is the electrocardio waviefbrm, MH1 is the aortic pressure waveform immediately 
after the blood has been ejected from the heart, and MH2 is the general pulse waveform at the periphery (radius artery) . 
In this figure, the time delay accompanying the flow of blood is ignored. Strictly speaking, the ejection duration ED is the 
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time interval between the opening of the aortic valve at t1 and the closing of the aortic valve at t2 in the aortic pressure 
waveform MH1 . At rest, the ejection duration is 280 (vs. The closing of the aortic valve occurs due to the contraction of 
the ventricles. Accordingly, this time duration is approximately equivalent to the contraction time of tiie ventricles (i.e.. 
systolic time). Notch N2 in pulse waveform MH at tiie periphery is referred to as the dicrotic notch N2. and is caused by 
5 closure of the aortic valve. The time interval from minimum peak P1 to peak P4 in pulse waveform MH2 corresponds to 
ejection duration ED. 

[061 9] There are known to be individual differences in tiie pulse waveform, as well as variation within the same indi- 
vidual due to changes in body condition, etc. For this re^on, notch N1 may be absent in a pulse waveform MH2 meas- 
ured at the periphery due to superimposition of peaks PI and P3 as shown in MH3. In tills case as well, ejection 
10 duration ED is tiie time duration from minimum peak PC to peak P4. 

[0620] The duration from minimum peak PO to peak P2 of notch N in pulse waveform MH2 is known as tiie estimated 
systolic time. Accordingly to one theory, this time duration is considered to be tiie ejection duration ED. In any case, it 
Is safe to view this duration as a value representing ttie duration of contraction of ttie heart. 

[0621] Accordingly, the ejection duration ED employed in tills specification includes not only tiie ejection duration in 
15 the strictest sense, but also tiie systolic time and estimated systolic time of ventricular contraction. This will be the view 
employed in tiie following explanation. Specifically, ejection duration ED can be obtained as tiie duration from the min- 
Innum peak to negative peaks P2.e4 which are the first and second peaks to appear following maximum peak PI . 
[0622] f46 is a cardiac output detecting means for detecting cardiac output CO. For example, cardiac output CO is 
detected by calculating the stroke-volume-per-beat SV based on the pulse waveform from which body motion compo- 
20 nents have been removed during the ejection duration, and then multiplying the sti^oke-volume-per-beat SV and tine car- 
diac rate. 

[0623] f47 is an evaluating means for evaluating the state of cardiac function based on cardiac output. Namely, tiie 
evaluation of cardiac function is performed based on the blood volume which is ejected from ttie heart each minute. f48 
is a notifying means for informing the subject of the results of tills evaluation. As a result, the subject or a third party 
25 such as a physician is able to know the patienf s cardiac function. 

[0624] f49 is a determining means for determining whether or not body motion Is present based on changes in tiie 
level of the body motion waveform. When body motion is not present. f49 halts the operation of body motion component 
removing means f3. As a result, it is possible to reduce the calculations accompanying the processing to remove body 
motion components. 

30 

4-2-2: Embodiment 1 

[0625] The first through seventii embodiments relate to a cardiac function diagnosing device employing a cardiac out- 
put detecting device. The eighth tiirough fourteentti embodiments relate to a cardiac function diagnosing device 
35 employing a stroke-volume-per-beat detecting device. 

4-2-2-1 : Sti'ucture of Embodiment 1 

[0626] The structure of a cardiac function diagnosing device employing the cardiac output detecting device according 
40 to tiie first embodiment of tiie present invention will now be explained with reference to the accompanying figures. 

4-2-2-1-1: External structure of Embodiment 1 

[0627] The external structure of cardiac function diagnosing device 42 in tills example is the same as that of pulse 
45 wave diagnosing device 1 explained in Chapter 1 (see FIG. 2). Namely, roughly speaking, cardiac function diagnosing 
device 42 is formed of a device main body 110 in tiie form of a wrist watch, a cable 120 which connects to device main 
body 1 10, and pulse wave detection sensor unit 130 which Is provided to one end of catde 120. 
[0628] The circuit structure of pulse wave detection sensor unit 130 which functions as pulse wave detecting means 
f41 is the same as tiiat of pulse wave diagnosing device 1 in Chapter 1 (see FIG. 3). 

50 

4-2-2-1-2: Electrical structure of Embodiment 1 

[0629] Hie electrical structure of a cardiac function diagnosing device will be explained witii reference to FIG. 89. FIG. 
89 is a block diagram showing the electrical structure of a cardiac function diagnosing device. 
55 [0630] Cardiac function diagnosing device 42 is formed of the following parts. Pulse wave detection sensor unit 1 30 
detects pulse wavefbnnMH and outputs it to body motion component remover 411. Acceleration sensor 130* generates 
body motion waveform TH by detecting body motion in tiie form of acceleration. Waveform processor 410 performs 
waveform processing on body motion waveform TH in order to accurately remove the body motion component at body 
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motion component remover 41 1 . 

[0631] If the body motion components in pulse waveform MH are expressed as MHt, and the true pulse wave com- 
ponent (i.e.. the pulse waveform from which txxJy nxstlon components have been removed) is expressed as MH*. then 
MH=MIHt+MH' . Body motion waveform TH is detected as the acceleration in the swinging motion of the arms. However, 
5 since blood flow is effected by the blood vessels and tissues, body motion component MHt is blunted by body motion 
waveform TH. For this reason, waveform processor 410 is formed using a low-pass filter. The form and constants for 
the low-pass filter are determined from actually measured data. 

[0632] Next, body motion component remover 411 subtracts the output waveform MHt of waveform processor 410 
from pulse waveform MH, and generates pulse waveform MH' from which body motion components have been 
10 removed. Pulse waveform MH* is converted to a digital signal via an A/D converter (not shown), and supplied to heart 
rate detector 412 and ejection duration detector 413. 

[0633] if body motion component remover 41 1 is operated to remove body motion components even when body 
motion is not present, then the SN ratio of the signal output from body motion component remover 41 1 deteriorates due 
to noise from acceleration sensor 1 30'. Moreover, electrical power Is consumed by the operation to remove body motion 

IS components. For this reason. In this embodiment, a determining member 41 Vis provided. Determining member 411' 
determines whether or not body motion is present based on body motion waveform TH, and generates a control signal 
C. Specifically, determining member 41 1 ' carries out the determination by comparing a threshold value and body motion 
waveform TH. TTiis threshold value is determined in advance after taking into consideration the noise level of accelera- 
tion sensor 1 30'. so that a determination can be made of whether or not body motion is present. When control signal C 

20 indicates that body motion is absent, then the operation of waveform processor 410 and body motion component 
remover 41 1 is hatted. In this case, pulse waveform MH is directly output from body motion component remover 41 1 . 
As a result, the SN ratio of the signal output from body motion component remover 41 1 can be improved, and the power 
consumed by the device reduced. 

[0634] Next, heart rate detector 41 2 and ejection duration detector 41 3 detect the heart rate HR and ejection duration 
25 ED based on pulse waveform MH' from which body motion components have been removed. In this embodiment, heart 
^ rate HR and ejection duration ED are obtained by analyzing the anplitude level of pulse waveform MH' from which body 
motion components have been removed. 

[0635] Heart rate detector 412 and ejection duration detector 41 3 extract the waveform parameters for specifying the 
shape of pulse waveform MH' from which body motion components have been removed. The waveform parameters 
30 here are the same as those explained with reference to FIG. 25 in Chapter 1 . in order to calculate the waveform param- 
eters, pulse rate detector 412 and ejection duration detector 413 extract so-call "peak information" related to maximum 
and minimum points. Note that peak information as used here is the same as that explained in Chapter 1 with reference 
to FIQs. 27 and 28. 

[0636] Heart rate detector 412 and ejection duration detector 413 are composed of the computer system shown in 
35 FIG. 26 and explained in Chapter 1 . However, pulse waveform MH' from which body motion components have been 
removed is input instead of pulse waveform TMH from which body motion components have been removed. The peak 
information shown in FIG. 28 is stored in peak inlbrmation memory 205. 

[0637] Next, the operation of heart rate detector 412 and ejection duration detector 413 under the control of micro- 
computer 181 will be explained. Note that (a) collection of the waveforms and their peak information, (b) processing to 
40 divide the pulse waveform, and (c) extraction of the waveform parameters, which were explained in Chapter 1, are 
equivalent in this example. Accordingly, an explanation thereof will be omitted here. 

(d) Calculation of heart rate based on waveform parameters 

45 [0638] Time te (see FIG. 25) which is calculated as a waveform parameter is the time duration of one beat. Microcom- 
puter 181 calculates SO/te based on this time duration tg. to obtain heart rate HR. 

(e) Calculation of ejection duration based on waveform parameters 

50 [0639] Microcomputer 181 accesses its internal buffer memory, and specifies minimum peak Pmin and maximum 
peak Pmax in one beat based on the waveform parameters. For example. In the case of the wavefbrm shown in FIG. 6. 
PO is specified as minimum peak Pmin and PI is specified as maximum peak Pmax. 

[0640] The first or second appearing negative peak (notches) following maximum peak Pmax is specified. Assuming 
in this example that the negative peak which appears second after maximum peak Pmax is specified, then, in the case 
55 of the waveforms shown in FIG. 6. P4 is specified as a negative peak. The duration from minimum peak Pmin to nega- 
tive peak P4 is calculated as the ejection duration ED. For example, in the wavefbrm shown in FIG. 25, time duration {4 
is output as ejection duration ED. 

[0641] In tiiis way. heart rate HR and ejection duration ED are calculated. 
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[0642] Based on pulse waveform MH* from which body motion components have been removed and the ejection dura- 
tion ED. stroke-voiume-per-beat detector 414 shown in FIG. 89 specifies pulse waveform MH' from which body motion 
components have been removed during ejection duration ED, and calculates the area S under the waveform. Specifi- 
cally, a pulse waveform MH' from which body motion components have been renxived is integrated and area S is cal- 
5 culated by sequentially adding the pulse waveform MH' from which body motion components have been removed 
during each sanpling in ejection duration ED. By multiplying area S by coefficient K^^^ the stroke-volume-per-beat SV 
can be calculated. In other words, stroke-volume-per-beat SV is calculated from the following equation. 



10 

[0643] Cardiac output calculator 415 calculates cardiac output CO by multiplying heart rate HR and stroke-volume- 
per-beat SV. In other words, cardiac output CO is calculated from the following equation. 

C0= K3v*S*HR 

15 

[0644] Note that when calculating cardiac output CO. it is also acceptable to calculate cardiac output CO by sequen- 
tially adding stroke-volume-per-beat SV values over a minute time period. 

[0645] Evaluator 416 is formed of memory 161 and comparing device 162. Evaluator 416 evaluates cardiac function 
and generates evaluation index X. Threshold values employed in grading cardiac output CO are stored in memory 161 . 
20 The threshoki values are set in response to the grade number. In this example, R1 and R2 are set as threshold values. 
Threshold values R1 .R2 may be set in advance, or may be set by a physician or trainer. 

[0646] Comparing device 162 compares cardiac output CO and threshold values R1 .R2, and generates evaluation 
index X. In this example, evaluation indices XI . X2. and X3 are generated at C0<R1 , R1 ^C0<R2. and R2^C0, respec- 
tively The significance of evaluation indices XI --XS will vary depending on how cardiac function diagnosing device 42 
25 is enployed. For example, when employed in exercise training, evaluation indices XI -X3 sen^e as a measure for main- 
taining a suitable exercise intensity. However, when monitoring a heart patient's cardiac function during rehabilitation, 
evaluation indices XI -X3 serve as measurements of the degree of recovery. 

[0647] Display 417 is formed of LCD 210 and the like shown in FIG. 2, and is for displaying cardiac output CO. eval- 
uation index X or a message associated with evaluation index X. This display may be in the form of a face chart letters. 
30 symbols or the like. In this way, the subject is informed of the results of the evaluation of cardiac function. 

[0648] For example, when employing cardiac function diagnosing device 42 during running, the subject can be 
informed so as to maintain a suitable cardiac output CO by means of the setting of threshold values R1.R2 by the 
trainer. In this case, messages such as "increase pace" in the case of evaluation index XI . "maintain pace" in the case 
of evaluation index X2, and "decrease pace" in the case of evaluation index X3, can be displayed on display 417. 

35 

4-2-3: Embodiment 2 

[0649] A cardiac function diagnosing device according to the second embodiment will now be explained. 
40 4-2-3-1 : External structure of Embodiment 2 
1 . Structure of Embodiment 2 

[0650] FIG. 90 is a block diagram of a cardiac function diagnosing device 42 according to the second embodiment. 
45 As in the first embodiment in the second embodiment, the body motion component MHt is detected using acceleration 
sensor 130' and waveform processor 410. However, this embodiment differs from the first embodiment in that body 
motion component removal and heart rate and ejection duration detection are carried out using wavelet transformation. 
The external structure of the second embodiment is the same as that of the first embodiment shown in FIG. 2. 

50 4-2-3-1 -1 : First and second wavelet transformers, and first and second frequency correctors 

[0651] In FIG. 90, a first wavelet transformer 420 performs conventional wavelet transformation on pulse waveform 
MH output from pulse wave detection sensor unit 130. to generate analyzed pulse wave data MKD. Second wavelet 
transformer 422 performs conventional wavelet transformation on body motion waveform MHt output from acceleration 
55 sensor 130', to generate analyzed body motion data TKD. In this case, first and second wavelet transformers 420 and 
422 are formed so as to be able to calculate equation 1 explained in Chapter 1 . The principle parts of first and second 
wavelet transformers 420 and 422 are formed in the same way as base function developer W shown in FIG. 5. In this 
example, wavelet transformation is performed at each heartbeat unit, to generate analyzed pulse wave data MDK. In 
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this example, analyzed pulse wave data MDK is output after being divided into the frequency regions 0Hz-0.5Hz, 
0.5Hz~1 .OHz, 1 .0Hz~1 .5H2. 1 .5Hz-^2.0Hz, 2.0Hz~2.5Hz. 2.5Hz-3.0Hz. 3.0Hz~3.5Hz. and 3.5Hz~4.0Hz, and output. 
[0652] Next, first frequency con-ector 421 perfbrnis frequency correction on analyzed pulse wave data MKO. The pre- 
ceding equation 1 contains a term "l/a^^" corresponding to frequency. When comparing data over different frequency 

5 regions, it is necessary to correct for the influence of this term. First frequency corrector 421 is provided for this pur- 
pose. Namely, first frequency corrector 421 multiplies wavelet data WD by the coefficient a^'^, to generate corrected 
pulse wave data MKD\ As a result, correction can be performed to that the power density at each frequency becomes 
constant. Second frequency corrector 423 performs frequency oonrection in the same way as first frequency corrector 
421 , to generate corrected txxfy motion data TKD' from analyzed body motion data TKD. 

10 [0653] FIG. 91 shows analyzed pulse wave data MKD for the time interval of a portion of pulse waveform MH. Note 
that in this example, the time scale is more finely divided as compared to that shown in FIG. 8 explained in Chapter 1. 
[0654] in FIG. 91. time interval T is near peak P4. Time interval T is divided into 8 parts, and analyzed pulse wave 
data MKD is obtained over these time intervals. When performing wavelet transformation, there is a trade-off relation- 
ship between the frequency and time resolutions. Accordingly, if frequency resolution is sacrificed, then it becomes pos- 

75 sibie to obtain analyzed pulse wave data over even smaller time intervals. 

[0655] Generated analyzed pulse wave data MKD and analyzed body motion data TKD are subjected to frequency 
coH'ection by first and second frequency correctors 421.423 in this way. and are output as corrected pulse wave data 
MKD' and conrected body motion data TKD'. 

20 4-2-3-1 -2: Body motion component remover 

[0656] Body motion component remover 41 1 subtracts corrected body motion data TKD* from connected pulse wave 
data MKD', to generate pulse wave data MKD" from which body motion components have been removed. This point will 
be explained more concretely Note that the following discussion will employ an example in which the user lifts a cup 
25 with his hand, and then returns it to its original position. Here, pulse waveform MH shown in FIG. 1 6A is detected using 
pulse wave detection sensor unit 130. and body motion waveform MHt shown in FIG. 16B is detected using waveform 
processor 410. 

[0657] Body motion waveform MHt begins to increase from time T1 . and reaches a positive peak at time T2. There- 
after, body motion waveform MHt gradually falls, passing through level 0 at time T2. reaching a negative peak at time 

30 T3, and returning to level 0 at time T4. Since body motion waveform TH is detected by acceleration sensor 21 . time T3 
corresponds to the clock time at which the cup is maximally lifted by the user, time T1 corresponds to the dock time at 
which the subject starts to lift the cup, and time T4 corresponds to the dock time at which the lifting operation is termi- 
nated. Accordingly, the time period from time T1 to T4 Is the time period during which body motion is present. Note that 
FIG. 16C shows pulse waveform MH' in the case where body motion Is assumed to be absent. In this example, the fun- 

35 damental frequency of pulse waveform MH is 1 .3 Hz. 

[0658] FIG. 1 7 shows corrected pulse wave data MKD' in the Inten/al Tc (see FIG. 16) and FIG. 18 shows corrected 
body motion data TKD' in the interval Tc. It may be understood from these figures that frequency components of a rel- 
atively large level are present in the 0.0 Hz~0.1 Hz frequency region in body motion waveform TH. When corrected 
pulse wave data MKD' and corrected body motion data TKD' are supplied to body motion component remover 41 1 , 

40 body nrK)tion component remover 41 1 subtracts con-ected body motion data TKD' from corrected pulse wave data MKD', 
to generate the pulse wave data MKD" from which body motion components have been removed shown in FIG. 19. As 
a result, even If body motion is present, its effect is canceled. 

4-2-3-1-3: Determining member 

45 

[0659] Determining member 41 1 ' compares body ntotlon waveform TH with a predetermined threshold value, and 
generates a control signal C for expressing the presence or absence of body motion. This control signal C is supplied 
to waveform processor 410, second wavelet transformer 422 and second frequency corrector 423. As a result, the oper- 
ation of waveform processor 410, second wavelet transformer 422 and second frequency con-ector 423 are suspended 
50 when body motion is not present, thereby reducing the processing time for calculations, decreasing the amount of 
power consumed, and improving the SN ratio. 

4-2-3-1-4: Heart rate detector 

55 [0660] Heart rate detector 412 calculates the heart rate based on pulse wave data MKD" from which body motion 
components have been removed. Heart rate detector 412 specifies maximum peak Pmax in one beat based on pulse 
wave data MKD" from which body motion components have been removed. High frequency components increase at 
maximum peak Pmax of pulse waveform MH'. Accordingly, a threshold value corresponding to the high frequency com- 
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ponents is decided in advance, pulse wave data MKD" from which body motion components have been removed Is 
compared with the threshold value, and maximum peak Pmax is specified. Time duration T between maximum peak 
Pmax and the next maximum peak Pmax is determined, and the heart rate HR is calculated from 60/r. 

5 4-2-3-1 -5: Ejection duration detector 

[0661] Ejection duration detector 413 may be formed in the same way as embodiment 1. In this exanple. minimum 
peak Pmin is specified based on pulse wave data MKD" from which body motion components have been removed, and 
negative peak P4 (notch) which the second peak to appear after maximum peak Pmax is specified. Here, the frequency 
10 component corresponding to minimum peak Pmin and the frequency component con^esponding to peak P4 are 
recorded in advance as threshold values. Minimum peak Pmin and peak P4 are specified by comparing these threshold 
values with pulse wave data MKD" from which body motion components have been removed, and the time inten^al 
between minimum peak Pmin and peak P4 is calculated as ejection duration ED. 

IS 4-2-3-1 -6: Stroke-volume-per-beat calculator 

[0662] In each of the frequency regions, stroke-volume-per-beat calculator 414 adds pulse wave data MKD" from 
which body nnotion components have been removed in ejection duration ED, determineTBie energy quantity E in this 
time interval, and calculates contraction period area S based on energy quantity E. 

20 [0663] The pulse waveform from minimum peak Pmin to peak P4 takes the form of a relatively steep mountain-shaped 
waveform. Accordingly, the frequency components included In this waveform are almost entirely In the high frequency 
region. Thus, pulse wave data MKD" from which body motion components In the low frequency region (0'~1 Hz, for 
example) have been removed may be viewed to be a noise component. Accordingly, rather than adding pulse data 
MKD" from which body motion components have been removed from all the frequency regions in ejection duration ED, 

25 It is acceptable to determine energy E by summing pulse wave data MKD" from only a portion of the frequency regions. 
[0664] For example, as shown in FIG. 92, there are numerous noise components In the 0-1 Hz frequency region In 
the pulse wave data MKD" from which body motion components have been removed. Accordingly, pulse wave data 
MKD" from which body motion components have been removed which is in the 1-4 Hz frequency region may be 
summed. If the pulse wave data MKD" from which body motion components have been removed In each of the fre- 

30 quency regions is expressed as Mnm, then the total energy E may be obtained from the following equation. 

8 j 

E= Z 

35 

[0665] Stroke volume per beat Is calculated from the following equation. 

SV=K,,*S 

^ = K^*K/E 

[0666] Where, K^ is the coefficient for converting between energy E and area S. 

[0667] In the second embodiment, contraction period area S is calculated using wavelet transformation. Thus, the 
45 stroke-volume-per-beat SV can be obtained while removing the noise components in the pulse waveform, so that an 
accurate cardiac output CO can be calculated. 

4-2-4: Embodiment 3 

50 [0668] The second embodiment employed first and second wavelet transformers 420,422 and first and second fre- 
quency correctors 421,423 to perform frequency analysts using wavelet transformation. In contrast the third embodi- 
ment differs from the second embodiment in the onvsslon of second wavelet transformer 422 and second frequency 
con-ector 423. 

[0669] FIG. 93 is a block diagram of a cardiac function diagnosing device 42 according to the third embodiment. In 
55 this figure, pulse waveform MH' from which body motion components have been removed by body motion component 
remover 41 1 is generated, and first wavelet transformer 420 performs wavelet transformation on this pulse waveform 
MH' from which body motion components have been removed. First frequency corrector 421 performs frequency cor- 
rection on the output from first wavelet transformer 416, to generate pulse wave data MKD" from which body motion 
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components have been removed. 

[0670] The output from first frequency corrector 421 is equivalent to the output from body motion component remover 
41 1 shown In FIG. 90. In other words, since wavelet transformation Is linear, the processing sequence may be switched. 
Thus, performing wavelet transformation following t>ody motion component removal using an analog signal (third 
5 embodiment) is equivalent to performing body motion component removal based on wavelet- transformed corrected 
pulse wave data MKD* and corrected body motion data TKD' (embodiment 2). 

[0671 ] Note that determining member 41 r is tiie same as In the first embodiment, while heart rate detector 412, ejec- 
tion duration detector 41 3, stroke-volume-per-beat calculator 41 4, cardiac output calculator 41 5, evaluator 41 6 and dis- 
play 41 7 are the same as in the second embodiment. Accordingly, an explanation of these conponents will be omitted 
10 here. 

[0672] The third embodiment permits calculation of cardiac output CO even though second wavelet transformer 422 
and second frequency conrector 423 are omitted. As a result, it becomes possible to diagnose the state of cardiac func- 
tion by means of a simpler structure. 

IS 4-2-5: Emt)odiment 4 

[0673] In the first through third embodiments, body motion waveform TH was detected by acceleration sensor 130. 
and compared to pulse waveform MH. The body motion components included in the frequency components of pulse 
waveform MH were then canceled, and heart rate HR and ejection duration ED were calculated. A diagnosis of tiie car- 
20 diac function state was then made based on these values. However, the structure of tiie device became complex due 
to the requirement for acceleration sensor 130. waveform processor 410 and the like. The fourtii embodiment was con- 
ceived in consideration of this point, and therefore provides a cardiac function diagnosing device 42 which (employs a 
simple structure and is capable of accurately diagnosing tiie state of cardiac function even when body motion is 
present. 

25 [0674] FIG. 94 is a block diagram of cardiac function diagnosing device 42 according to the fourth embodiment. This 
cardiac function diagnosing device 42 is equivalent to the cardiac function diagnosing device 42 according to the sec- 
ond embodiment shown in FIG. 90, witii the exception of the internal structure of body motion component remover 41 1 
and the omission of acceleration sensor 130, wavefbrm processor 410. second wavelet transformer 422 and second 
frequency corrector 423. These points of difference will be explained below. 

30 [0675] Body motion component remover 41 1 separates and removes body motion components from corrected pulse 
wave data MKD', and generates pulse wave data TBD from which body motion components have been removed. Body 
motion component remover 41 1 exploits tiie properties of body motion explained below. 

[0676] Namely, body motion is generated as a result of tiie vertical movement of the arms or the swinging motion of 
the arms during running. During the course of daily activities, there is almost no instantaneous movement of the body. 
35 For this reason, during daily activities, the frequency components in body motion wavefbrm TH are not that high, but 
typically are in the range of OHz-IHz. In this case, tiie fundamental frequency of pulse waveform MH Is often in the 
range of 1Hz~2Hz. Accordingly, during daily activities, the frequency components in body motion wavefbrm TH are in 
a frequency region which is lower tiian the fundamental frequency of pulse waveform MH. 

[0677] During sports such as jogging, however, the swinging motion of tiie arms and the like exerts an Influence, caus- 

40 ing the frequency components of body motion wavefbrm TH to become somewhat higher. At the same time, heart rate 
Increases in accordance with the amount of exercise, so tiiat tiie fundamental frequency of pulse waveform MH also 
becomes higher. Accordingly, even during sports, tiie frequency components of body motion waveform TH are typically 
in a frequency range which is lower than the fundamental frequency of pulse waveform MH. 
[0678] Body motion component remover 41 1 takes advantage of this point to separate the body motion components, 

45 and is designed to ignore frequency regions which are lower tiian the fundamental component of pulse waveform MH. 
In tills case, if body motion components are present in a frequency region which is higher tiian ttie fundamental com- 
ponent of pulse waveform MH. then tiie accuracy of detection of cardiac function falls. However, since it is more likely 
that body motion components will be in a frequency region which is lower than tiie fundamental component of pulse 
waveform MH, it is possible to carry out a highly accurate detection of cardiac function. 

so [0679] FIG. 95 is a detailed block diagram of body motion component remover 41 1 . Wavefbrm shaping member 4301 
performs wavefbrm shaping on pulse wavefbrm MH, and generates a reset pulse synchronized witii pulse waveform 
MH. Counter 302 counts clock pulses, which are not shown in tiie figures, and is designed so that the counter value is 
reset according to the reset pulse. Average value calculating circuit 303 calculates the average of the counter values 
from counter 302. In this case, the average value calculated by average value calculating circuit 303 con^esponds to the 

55 average period of pulse waveform MH. Accordingly, the fundamental frequency of pulse waveform MH can be detected 
by referencing the average value. 

[0680] Based on the aforementioned average value, substituting circuit 304 specifies tiie frequency region which 
includes the fundamental frequency of pulse wavefbrm MH. For example, when the average value is 0.71 sec, then the 
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fundamental frequency becomes 1.4 Hz. Thus, the frequency region specified is 1Hz-1.5Hz. Substituting circuit 304 
then substitutes corrected pulse wave data MKD' with "0'* in the frequency regions below the specified frequency region, 
and generates pulse wave data TBD from which body motion components have been removed. As a result, compo- 
nents in frequency regions below the fundam^al frequency of pulse waveform MH are ignored. While pulse wave 
5 components as well as body motion components are substituted by "0" in this case, the effect on the pulse waveform is 
negligible since the characteristic portion of pulse waveform MH is present in a frequency region which is higher than 
the fundamental frequency. 

[0681] For example, If pulse waveform MH (fundamental frequency 1.3 Hz) shown In FIG. 16A is detected by pulse 
wave detection sensor unit 1 30, then the corrected pulse wave data MKD' for time inten^al Tc becomes as shown in FIG. 
10 17. In this case, the frequency region specified by substituting circuit 194 is 1 .0Hz~1 .5Hz. so that tiie frequency regions 
subject to replacement are Ma12'-Ma82, corresponding to 0.5Hz- 1.0Hz, and Mall-^MaSI. corresponding to 
OHz-'O.SHz. Accordingly, data Ma12~Ma82 and Mai 1~M81 of con-ected pulse wave data MKD* are substituted by "0". 
and tiie pulse wave data MKD" from which body motion components have been removed shown in FIG. 96 is gener- 
ated. 

IS [0682] Heart rate detector 41 2 and ejection duration detector 413 shown in FIG. 94. detect heart rate HR and ejection 
duration ED respectively, based on the thus-generated pulse wave data MKD" from which body motion components 
have been removed. 

[0683] In the fourth embodiment, body motion components arlTemoved by taking advantage of tiie properties of body 
motion, namely, that tiiere is a high probability tfiat ttie body motion components are present in a frequency region 
20 which is lower than the fundamental frequency components of pulse waveform MH. Thus, components such as accel- 
eration sensor 130 and waveform processor 410 which are required in the first through third embodiments can be elim- 
inated here, and an accurate diagnosis of tiie cardiac function state can be made even if body motion is present. 

4-2-6: Embodiment 5 

25 

[0684] The fifth embodiment relates to a modification of stroke-volume-per-beat measurer 414 explained in the first 
embodiment. Otiier structural components are equivalent to tiie first embodiment. The stroke-volume-per-beat meas- 
urer 41 4 according to tiie f ifUi embodiment may have the following aspects. 

30 4-2-6-1 : First aspect 

[0685] In the first aspect, the blood pressure values of peaks Pi -P4 of pulse waveform MH' from which body motion 
components have been removed in ejection duration ED, and sti^oke-volume-per-beat SV from the time these peaks 
were generated, are calculated. For example, if pulse waveform MH' from which body motion components have been 
35 removed is as shown in FIG. 25 and tiie interval from PO to P4 is designated as ejection duration ED. tiien stroke-vol- 
ume-per-beat SV is calculated from the following equation. 

SV= Ksv*S 

= Ksv*f1(ti.t2.t3.t4,yi,y2,y3,y4) 

^ =Ksv*{t/yi+(t2-t,)*(yi+y2)+(t3"t2)(y2+y3)+(t4-t3)(y3+y4)}^ 

[0686] In this example, stroke-volume-per-beat SV is calculated based on contraction period area S which is calcu- 
lated using linear approximation. Accordingly, the amount of calculations can be reduced as compared to the method 
45 for calculating area S by adding the pulse waveform MH' from which body motion components have been removed for 
all samples in ejection duratfon ED. 

4-2-6-2: Second aspect 

50 [0687] in tiie second aspect, stroke-volume-per-beat SV is determined from ejection duration ED and heart rate HR. 
Conti'action period area S In the contraction period area mettiod is calculated from ejection duration ED and heart rate 
HR. 

[0688] individual differences, as well as differences witiiin the same individual, are present in pulse waveform MH. 
However, it is possible to specify the approximate shape of tiie pulse waveform MH for a given heart rate HR by meas- 
55 uring numerous actual data. When pulse waveform MH is specified, area S which con'esponds to ejection duration ED 
can be obtained. 

[0689] FIG. 97 is a block diagram of stroke-volume-per-beat detector 414 according to the second aspect of ttie frftti 
embodiment. 4140 is a stroke-volume-per-beat table, in which contraction period areas S are stored in association witii 
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ejection durations ED and heart rates HR for the heart. Stroke-volume-per-beat table 4140 is formed of a plurality of 
tables TBI , TB2....TBn provided for each heart rate HR. Contraction period area S which corresponds to ejection dura- 
tion ED is stored In each of tables TB1 , TB2...TBn. The content of these tables is generated by numerous actual meas- 
ured data. 41 41 is a multiplier provided at a step subsequent to stroke-volume-per-beat table 1 40, for calculating stroke- 

5 volume-per-beat SV by multiplying coefficient Ksv and contraction period area S. 

[0690] When ejection duration ED and heart rate HR are supplied to stroke-volume-per-beat table 140 In the above- 
desaibed structure, stroke-volume-per-beat detector 414 specifies one table TB corresponding to heart rate HR. When 
contraction period area S which corresponds to ejection duration ED is read out from table TB thereafter, mult^lier 41 41 
calculates stroke-volume-per-beat SV. 

10 [0691] Since stroke-volume-per-beat SV can be calculated from ejection duration ED and heart rate HR in this way 
in this second aspect of the fifth embodiment, It becomes possible to obtain stroke-volume-per-beat SV by means of a 
simple structure within a short period of time. 

[0692] Note that multiplier 41 41 may be omitted If stroke-volume-per-beat SV associated with ejection duration ED is 
stored in tables TBI, TB2, ...TBn. In this case, S*Ksv may be stored in tables TBI, TB2,...TBn in place of contraction 
IS period area S. 

[0693] If cardiac output CO in association with ejection duration ED is stored in tables TB1 . TB2, ... TBn. then cardiac 
output CO can be calculated directly from ejection duration ED and heart rate HR. FIG. 98 shows cardiac output table 
4140'. In this case, S^Ksv^HR may be stored in tabl^TBI, TB2,...TBn in place of contraction period area S. 

20 4-2-7: Embodiment 6 

[0694] Cardiac function diagnosing device 42 according to tiie first tiirough f iftti embodiments employs a contraction 
period area metiiod. in which area S of the pulse waveform during ejection duration ED is multiplied by a given coeffi- 
cient Ksv to calculate stroke-volume-per-beat SV Strictiy speaking, coefficient Ksv differs between test subjects. For 
25 this reason, in order to calculate an accurate stroke-volume-per-beat SV, it is desirable to correct tiie stroke-volume-per- 
beat SV obtained by tiie contraction period area method. 

[0695] Accordingly, in the sixtii embodiment, a stroke-volume-per-beat corrector 424 for connecting stroke-volume-per- 
beat SV is provided in between cardiac output calculator 415 and stroke-volume-per-beat calculator 414 of tiie first 
through fifth embodiments shown in FIGs. 88, 90, 93, and 94. 

30 [0696] FIG. 99 is a block diagram of stroke-volume-per-beat corrector 424 according to this embodiment As shown 
in this figure, stroke-volume-per-beat corector 424 Is formed of correction coefficient calculator 4240 for calculating 
correction coefficient KH, correction coefficient memory 4241 for storing correction coefficient KH, and multiplier 4242. 
[0697] Reference stroke-volume-per-beat SVr, which is precisely measured using a thermodye dilution method or tiie 
like and supplied from an external piece of equipment, and stroke-volume-per-beat SV. which is calculated by stroke- 

35 volume-per-beat calculator 414. are supplied to correction coefficient calculator 4240. Correction coefficient calculator 
4240 is formed of a dividing device. When tiie test subject manipulates operational buttons to set tiie device In the cor- 
rection mode, con-ection coefficient calculator 4240 calculates SVr/SV as tiie correction coefficient KH. The calculated 
correction coefficient KH is stored in correction coefficient memory 4241 . and is employed by being read out tiierefrom 
during tiie regular measurement mode. Multiplier 4242 then generates a corrected stroke-volume-per-beat SVh k>y mul- 

40 tiplying stroke-volume-per-beat SV and con-ection coefficient KH. 

[0698] In this ennbodiment, con-ection coefficient KH Is calculated in the correction mode, and a corrected stroke-vol- 
ume-per-beat SVh is calculated using correction coefficient KH during the regular measurement mode. As a result, it is 
possible to more accurately determine cardiac output CO. 

[0699] Cardiac function diagnosing device 42 in this embodiment may be optimally employed in the management of 
45 a patient's health during hospitalization or rehabilitation. More specifically, an accurate reference sti-oke-volume-per- 
beat SVr Is measured for 3 post-operative heart patient using the thermodye dilution method, while stroke-volume-per- 
beat SV is measured using a portable cardiac function diagnosing device 42. The correction coefficient KH calculated 
from these measured results is stored, and the precise cardiac output CO is determined using tiiis correction coefficient 
KH when the device is in tiie mode for performing regular measurements. As a result, a diagnosis of cardiac function 
50 can be obtained based on an accurate cardiac output CO as the patient undergoes rehabilitation to return to health. 

4-2-8: EmbocGment 7 

[0700] The seventii emiDodiment varies tiie threshold values which serve as references for evaluation index X in 
5S accordance witii the surface area of the body. With the exception of the structure of evaluator 416, tiie design of tiie 
seventh embodiment is equivalent to that of tiie first through sixth embodiments. Accordingly, evaluator 416, the point 
of difference between tiiese emtxxiiments, will be explained below. 

[0701 ] FIG. 1 00 is a block diagram of evaluator 41 6 according to the seventii embodiment. 41 6 is a body surface area 
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calculator into which body weight W (kg) and height H (cm) are input. Body surface area TS is then calculated based 
on these values. In this example, body surface area TS is calculated using a conventional formula known as the DuBois 
equation shown below. 

5 TS=W°^2^xH°''''x 71.84 

[0702] 41 61 is a threshold table for storing threshold values R1 , R2 in association with body surface area TS and heart 
rate HR. Threshold values R1 .R2 are for generating evaluation index X. Threshold value table 41 61 is formed of a plu- 
rality of tables TBI', TB2', ...TBn. Threshold values R1,R2 are stored in association with heart rate HR in each table. 
10 When body surface area TS Is supplied, one of the tables Is selected in accordance with the supplied body surface area 
TS. Accordingly, by referencing threshold value table 41 61 . threshold values R1 . R2 in accordance with the body surface 
area TS and heart rate HR are obtained. 

[0703] Next, 162 indicates a comparing member for conrparing threshold values R1.R2 and cardiac output CO. and 
then generating an evaluation Index X. 

IS [0704] Threshold values R1,R2 were varied in accordance with body surface area TS in the preceding discussion. 
The reason for this Is as follows. In general, a person having a large body surface area TS has a large body and a high 
cardiac output. Conversely, a person having a small body surface area TS tends to have a smallerJxxiy and a lower 
cardiac output. For this reason, it is difficult to evaluate individual cardiac function if the cardiac output CO of both indi- 
viduals Is evaluated using the same threshold values R1.R2. By employing an evaluation index X which depends on 

20 body surface area TS, however, an evaluation can be made of cardiac function in accordance with individual body 
types. 

(0705] The reason for varying threshoM values R1 ,R2 in accordance with heart rate HR is as follows. Namely, when 
running or othenwise exercising, skeletal muscle consumes a large amount of oxygen, with heart rate HR and cardiac 
output CO inaeaslng. Stated another way, heart rate HR and cardiac output CO vary in response to the Intensity of 
25 exercise. Accordingly, by employing an evaluation index X that depends on the heart rate HR, it is possible to continu- 
ously evaluate cardiac function even when the intensity of exercise by the test subject varies. 
[0706] Accordingly, by employing cardiac function diagnosing device 42 according to this embodiment, threshold val- 
ues R1 .R2 can be automatically varied In accordance with the subject's body size and dynamically changing heart rate 
HR. As a result it becomes possible to continuously evaluate cardiac function during daily activities. 

30 

4-3: Stroke-volume-per-beat detecting devkse and cardiac function diagnosing device 
4-3- 1 : Functional structure 

35 [0707] The function of a cardiac function diagnosing device employing a stroke-volume-per-beat detecting device will 
now be explained with reference to the figures. FIG. 101 is a functbn block diagram of a cardiac function diagnosing 
device employing a stroke-volume-per-beat detecting device. In this figure. fSI is a pulse wave detecting means for 
detecting the pulse waveform. The pulse waveform can be obtained by using an optical sensor to detect the ftow of 
blood at a peripheral site such as the fingertip or base of the finger. f52 is a body motion detecting means for detecting 

40 body motion and oulputting the body motion waveform. In this way, body motion is detected. 

[0708] f53 is a body motion component removing means for generating the body motion components In the pulse 
waveform based on the body motion waveform, removing the body motion components from the pulse waveform, and 
then generating a pulse waveform from which body motion components have been removed. As a result, it is possible 
to generate a pulse waveform which is not effected by body motion, even if the subject Is exercising. 

45 [0709] f54 is a determining means for determining whether or not body motion is present based on changes in the 
level of the body motion waveform. When body motion is not present, determining means f54 terminates the operation 
of body motion component removing means f3. As a result, the calculations to renxave body nnotion components can 
be reduced. 

[0710] f55 is an ejection duration detecting means for detecting the ejection duration of the heart based on the pulse 
50 waveform from which body motion components have been removed. The ejection duration is the interval during which 
the heart contracts once, sending blood into the aorta. Note that ejection duration ED includes not only the ejection 
duration in the strictest sense, but also the systolic time and estimated systolic time of ventricular contraction. 
[071 1 ] f56 Is a stroke-volume-per-beat detecting means for calculating stroke-volume-per-beat SV based on the pulse 
waveform from which body motion components have been removed during the ejection duration. 
55 [0712] Next. f57 is an evaluating means for evaluating the state of cardiac function based on the stroke volume per 
beat. Namely, the evaluation of cardiac function is performed based on the blood volume which is ejected by each con- 
traction of the heart. f58 is a notifying means for Informing the subject of the results of this evaluation. As a result, the 
subject or a third party such as a physician can be made aware of the patient's cardiac function. 
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4-3-2: Embocfiment 8 

[071 3] The structure of a cardiac function diagnosing device 43 employing a stroke-volume-per-beat detecting device 

will now be explained with reference to the figures. Note that the external structure of the cardiac function diagnosing 
5 device 43 in this example is equivalent to that of pulse wave diagnosing device 1 in Chapter 1 as explained in Section 
4-2. 

[071 4] FIG. 1 02 is a block diagram showing the electrical structure of cardiac function diagnosing device 43. The car- 
diac function diagnosing device 43 shown in this figure differs from the cardiac function diagnosing device 42 shown in 
FIG. 89 in that a rate-of -change calculator 415' is provided in place of cardiac output calculator 415. 

10 [0715] Rate-of-change calculator 415' is formed of an average value calculator 4151 and comparing member 4152, 
and calculates the rate-of-change SV in stroke-volume-per-beat SV. Average value calculator 41 51 calculates the aver- 
age value SVa of stroke-volume-per-beat SV. For example, if the nth detected stroke volume per beat is indicated as 
SVn, then the average value SVa at the timing for detecting stroke-volume-per-beat SVn may be tiie average value for 
all values detected since measurements began. Alternatively, it is also acceptable for SVa to be a moving average 

15 Obtained from the following equation. 

SVa= (SVn-m+1 + SVn-m+2 +...+SVn-1 + SVn)yhi 

[071 6] For example, if m=:60. then the average for approximately one minute intervals can be calculated. 

20 [071 7] Next, comparing member 41 52 calculates SV/SVa, and calculates the stroke-volume-per-beat rate-of-change 
SV. The respiratory rate per heartbeat is usually 4 times or less. In addition, stroke-volume-per-beat SV is known to 
vary in synchronization with respiration. Accordingly, in order to cancel the variation due to respiration, the stroke-vol- 
ume-per-beat SV may be added k times and averaged, and the stroke-votume-per-beat rate-of-change SV may be cal- 
culated from this average value and SVa. In this case, k may be selected so that m>k^4. 

25 [0718] Next, evaluator 416 is formed of memory 161 and comparing device 162. Evaluator 416 evaluates cardiac 
function and generates evaluation index X based on rateK>f-change SV. Threshold values employed in grading rate-of- 
change S are stored in memory in association with heart rate HR. In this way, the threshokJ values in accordance with 
the heart rate HR at the time of detection can be read out from memory. Threshold values can be set In accordance to 
the grade number. In this example, R1 and R2 are set as threshold values. Threshold values R1,R2 may be stored in 

30 advance at the time of shipment of the product, or may be suitably set by a physician or trainer when training is initiated. 
[0719] Comparing device 162 compares the stroke-volume-per-beat rate-of-change SV and threshold values R1,R2. 
and generates evaluation index X. In this example, evaluation indices XI, X2, and X3 are generated at SV<R1. 
R1^SV<R2. and R2^SV, respectively The significance of evaluation indices X1~X3 will vary depending on how cardiac 
function diagnosing device 43 is employed. For example, when employed in exercise training, evaluation indices XI '-X3 

35 serve as a measure for maintaining a suitable exercise intensity. However, when monitoring a heart patient's cardiac 
function during rehabilitation, evaluation indices XI ~X3 serve as measurements of the degree of recovery. 
[0720] Display 41 7 is formed of LCD 210 and the like explained above, and is for displaying stroke-volume-per-beat 
SV, evaluation index X or a message associated with evaluation Index X. This display may be in the form of a face chart, 
letters, symbols or the like, enabling the subject to know the results of the evaluation of cardiac function. 

40 [0721] For example, when employing cardiac function diagnosing device 43 during running, the subject can be 
Infbnned so as to ntaintain a suitable stroke-volume-per-beat SV as a result of the setting of threshoM values R1 , R2 by 
the trainer. In this case, messages such as "increase pace" in the case of evaluation index X1, "maintain pace" in the 
case of evaluation index X2, and "decrease pace" in the case of evaluation index X3, can be displayed in characters on 
display 41 7. 

45 [0722] As an aside, autogenic training methods, refen-ed to as focused self-relaxation methods, are known to be help- 
ful in health improvement and health recovery by eliminating tension. The objective is to relax the subject's psycholog- 
ical state. However, in the process of attenrtpting to relax, the subject's attention may become overly focused on this 
objective, leading conversely to a state of tension. 

[0723] In situations such as this, the subject is better able to effectively perform training if he is aware of his own psy- 
50 chological state. In this case, stroke-volume-per-beat rate-of-change SV can serve as an indicator of the degree of 
relaxation. Namely. If the stroke-volume-per-beat rate-of-change SV becomes smaller, then the psychological state is 
nearing a nnore stable and relaxed state. 

[0724] Threshold values R1,R2 may be set so that a determination can be made of the degree of relaxation. For 
example, in the case of a physician-directed autogenic training method, the physician sets threshold values R1.R2 to 
55 inform him of the subject's psychological state. In this case, messages may be provided such as "very relaxed" in the 
case of evaluation index XI . "maintain state" in the case of evaluation Index X2. and "release tension, Imagine relaxing 
sensation" in the case of evaluation index X3. 
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4-3-3: Embodiment 9 

[0725] Cardiac function diagnosing device 43 according to the ninth embodiment will now be explained. FIG. 103 is 
a block diagram of cardiac function diagnosing device 43 according to the ninth en^xxliment. As in the eighth embodi- 

5 ment, the device according to the ninth embodiment detects body motion component MHt using acceleration sensor 
130' and waveform processor 140. However, the ninth embodiment differs from the eighth embodiment in that the 
removal of body motion and the detection of heart rate and ejection duration are carried out using wavelet transforma- 
tion. Namely, the device according to the ninth embodiment corresponds to that of the second embodiment explained 
with reference to FIG. 90. Structural components which are equivalent as those in FIG. 90 have been assigned the 

10 same numerical symbol. 

[0726] In this example, body motion component remover 41 1 subtracts corrected body motion data TKD' obtained 
based on body motion waveform TH from corrected pulse wave data MKD' obtained based on pulse waveform MH. and 
generates pulse wave data MKD" from which body motion components have been removed. Calculation of stroke-vol- 
ume-per-beat SV and the like is performed based on pulse wave data MKD*' from which body motion components have 
15 been removed. 

[0727] Thus, as in the eighth embodiment, contraction period area S is calculated using wavelet transformation while 
the effect of body motion is removed. By calculating stroke-volume-per-beat.Sy.in this way, an accurate value therefor 
can be obtained. As a result, an accurate evaluation of cardiac function can be provided. 

20 4-3-4: Embodiment 10 

[0728] In the ninth embodiment, frequency analysis was performed using wavelet transformation. The ninth embodi- 
ment employed a first wavelet transformer 420. first frequency conector 421 . second wavelet transformer 422. and sec- 
ond frequency corrector 423 for this reason. In contrast, the tenth embodiment differs from the ninth embodiment in the 
25 omission of second wavelet transformer 422 and second frequency corrector 423. Namely, the tenth embodiment cor- 
responds to the third embodiment (see FIG. 93) described above. 

[0729] FIG. 104 is a block diagram of a cardiac function diagnosing device 43 according to the tenth embodiment. In 
this figure, when pulse waveform MH' from which body motion components have been removed is generated by body 
motion component remover 41 1 , first wavelet transformer 420 performs wavelet transformation on this pulse viaveform 

30 MH'. First frequency conector 421 performs frequency correction on the output from first wavelet transformer 41 6 and 
generates pulse wave data MKD" from which body motion components have been removed. 
[0730] TTius, as in the case of the third embodiment, even though second wavelet transformer 422 and second fre- 
quency conector 423 are omitted in the tenth embodiment, stroke-volume-per-beat SV and stroke-volume-per-beat 
rate-of-change SV can be calculated. Thus, it is possible to diagnose the state of cardiac function by means of a sim- 

35 pier structure. 

4-3-5: Embodiment 11 

[0731] In the eighth through tenth embodiments, body motion waveform TH is detected by acceleration sensor 130. 
40 Pulse waveform MH and body motion waveform TH are compared, and the body motion components included in the 
frequency components of pulse waveform MH are canceled. Heart rate HR and ejection duratfon ED are then calcu- 
lated, and a diagnosis of tiie state of cardiac function is made based on these values. However, since acceleration sen- 
sor 130 and waveform processor 410 are necessary, the structure becomes more complicated. The eleventh 
embodiment was conceived In view of this problem, and has as its objective tiie provision of a cardiac function diagnos- 
es ing device capable of diagnosing the state of cardiac function by means of a simple structure accurately, even when 
body motion is present. In other words, the eleventh embodiment corresponds to the above-described fourtii embodi- 
ment. 

[0732] FIG. 105 is a block diagram of cardiac function diagnosing device 43 according to the eleventh embodiment. 
This cardiac function diagnosing device 43 is equivalent to cardiac function diagnosing device 43 according to the ninth 
50 embodiment shown in FIG. 103. with the exception of the internal structure of body motion component remover 41 1 and 
the omission of acceleration sensor 130*. determining member 411'. waveform processor 410. second wavelet trans- 
former 422, and second frequency corrector 423. 

[0733] Body motion component remover 41 1 in this example is formed in the same manner as body motion compo- 
nent remover 41 1 according to the fourtii embodiment. In other words, body motion component remover 41 1 according 
55 to the eleventh embodiment utilizes the fact that the frequency components of body motion waveform TH are in a lower 
frequency region tiian the fundamental frequency of pulse waveform MH, in order to renrKSve body motion components 
from corrected pulse wave data MKD* and generate pulse wave data MKD" from which body motion components have 
been removed. 



77 



EP0 947160A1 



[0734] Accordingly, the acceleration sensor 130 and waveform processor 410 which were required in the eighth 
through tenth emtxxliments can be omitted, while an accurate diagnosis of the state of cardiac function can be per- 
formed even when body motion is present 

5 4-3-6: Embodiment 12 

[0735] The twelfth embodiment relates to a modification of stroke-volume-per-beat calculator 414 explained in the 
eighth embodiment. All other structural components are the same as in the eighth enrtbocfiment. Stroke-volume-per- 
beat calculator 414 according to the twelfth embodiment has the following aspects. 

10 

4-3-6-1 :Rrsl aspect 

[0736] In the first aspect of the twelfth embodiment, the blood pressure values of peaks PI ~ P4 of pulse waveform 
MH' from which body motion components have been removed In ejection duration ED, and stroke-volumei3er-beat SV 
15 from the time these were generated, are calculated. For example, if pulse waveform MH' from which body motion com- 
ponents have been removed is as shown in FIG. 6 and the interval from PO to P4 is designated as ejection duration ED. 
then stroke-volume-per-beat SV is calculated from the fbllowing.equation. 

SV= Ksv*S 

20 =Ksv*fl(ti.t2.t3.t4.yi.y2.y3,y4) 

« Ksv*{t 1 *y i+(t2-t iHy i+y2)+(t3-t 2)(y 2+y 3)+(t4-t3)(y 3+y 4))^ 

[0737] In this exanple, contraction period area S is calculated using linear approximation, and stroke-volume-per-beat 
25 SV is calculated based on this calculated value. 

[0738] Accordingly, the amount of calculations can be reduced as compared to the method for calculating area S by 
adding the pulse waveform MH' from which body motion components have been removed for all samples in ejection 
duration ED. The first aspect of the twelfth embodiment is equivalent to the first aspect of the fifth embodiment with 
respect to this point (see section 4-2-6-1). 

30 

4-3-6-2: Second aspect 

[0739] In the second aspect of the twelfth embodiment, stroke-volume-per-beat SV is calculated based on systolic 
pressure Pmax, diastolic pressure Pmin, and ejection duration ED. 

35 [0740] First, the relationship between pulse waveform MH and ejection duration ED, on which this second aspect of 
the twelfth embodiment is premised, will be explained. A variety of medical research has been carried out with respect 
to this subject. Regarding the relationship between the radius artery waveform and the intensity of exercise performed 
by a cardiac patient, the graphs shown in FIGs. 106A-106D are disclosed in Disparities Between Aortic and Peripheral 
Puise Pressures Induced by Upright Exercise and Vasomotor Changes in Man, Circulation, VOL. XXVll, June 1968. In 

40 this figure, as the exercise intensity increases, the pulse waveform of the radius artery changes in sequence. 
106A->106B->106C-^106D. It may be understood from this figure that as the exercise intensity increases, systolic 
pressure Pmax gradually Increases and ejection duration ED becomes shorter. Conversely, diastolic pressure Pmin 
does not change to as great an extent when exercise Intensity Is Increasing. In other words, the shape of the pulse 
waveform changes dynamically, with stroke-volume-per-beat SV varying In accompaniment with these changes. 

45 [0741] The shape of the pulse waveform of the radius artery shown in FIQs. 106A-106D is schematically shown in 
FIG. 1 07A- 1 07C. FIG. 1 07A is a typical example of pulse waveform MH of an individual at rest. The wavefbmi shape is 
that for a socalled Ting mai" pulse, characterized in that the tidal wave is clearly apparent. This tidal wave is generated 
according to the correlation between the elastic expansion of the aorta as Wood is sent out from the heart and the 
reflected wave at the periphery. 

50 [0742] When a person with a Ping mai exercises, the shape of the pulse wavefbmi changes as shown from FIG. 
107A-^ FIG. 107B-> FIG. 107C. Namely, the clarity of the tidal wave is gradually lost as exercise intensity increases, 
until fhe shape becomes a so-called "Hua mai". Stating this anotiier way, the shape of the pulse waveform changes in 
accordance wrtii ttie change in exercise intensity, accompanied by a change In contraction period area S. 
[0743J From FIGs. 107A-107C, it may be understood that when ttie shape of the waveform changes accompanying 

55 an inaease in exercise intensity, ejection duration ED decreases from ED1->ED2->ED3. This is because the interval 
of time from when tiie aortic valve opens to when it closes becomes gradually shorter as exercise intensity increases. 
The main wave and tiie peripheral reflected waves become closer, and the tidal wave disappears. Accordingly, ejection 
duration ED is closely related to contraction and relaxation of ttie heart, and can serve as an index for specifying the 
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shape of the pulse waveform. 

[0744] Ejection duration ED serves as a reference for specifying the shape of the pulse waveform, while the difference 
between systolic pressure Pmax and diastolic pressure Pmin serves as an index expressing the size of pulse wave- 
forms MHI-MHS shown in FIQs. 107A-107D. As shown in FIG. 36. contraction period area S can be expressed as the 

5 sum of area S1 corresponding to the alternating flow component (hereinafter, referred to as "alternating flow area") and 
area S2 corresponding to the direct flow component (hereinafter, referred to as "direct flow area"). In this case, direct 
flow area S2 is PminxED. while altemating flow area S1 is defined according to Pmax-Pmin and ED. 
[0745] Thus, in the second aspect of the twelfth embodiment, contraction period area S Is calculated based on systolic 
pressure Pmax, diastolic pressure Pmin and ejection duration ED. Stroke-volume-per-beat SV Is determined from the 

10 result of this calculation. 

[0746] FIG. 108 is a block diagram of stroke-volume-per-beat detector 414 according to this second aspect. 4141 is 
a subtracting member for subtracting diastolic pressure Pmin from systolic pressure Pmax. In this case, systolic pres- 
sure Pmax is the blood pressure data for peak P1 in the pulse waveform from whk;h body motion components have 
been removed, while diastolic pressure Pmin is blood pressure data for peak PC of the pulse waveform from which body 

IS motion components have been removed. 4142 is a contraction period area table, in which alternating flow areas SI are 
stored in association with the ejection duration ED and Pmax-Pmin. This contraction period area table 4142 is formed 
of a plurality of tables TBI . TB2 ,...TBn provided in accordance with Pmax-Pmin. Alternating flow area SI (see FIG. 86) 
associated with ejection duration ED is stored in tables TBI , TB2...TBn. The content of these tables Is generated based 
on numerous actual measured data. 

20 [0747] 4143 is a multiplier provided for outputting direct flow area S2 (see FIG. 86) by multiplying ejection duration ED 
and diastolic pressure Pmin. 4144 is an adder for generating contraction period area S by adding alternating flow area 
Si and direct flow area S2. 4145 is a multiplier for calculating stroke-volume-per-beat SV by multiplying coefficient Ksv 
and contraction period area S. 

[0748] In the preceding design, when ejection duration ED and Pmax-Pmin are supplied to contraction period area 
25 table 41 41 , one table TB is specified corresponding to Pmax-Pmin. When alternating flow area Si which corresponds 
to ejection duration ED is subsequently read out. tiie sum of alternating flow area SI and direct flow area S2 is calcu- 
lated at adding device 4144, and stroke-volume-per-beat SV in accordance with this calculated result is generated. 
[0749] Thus, in tiie second aspect of the twelfth embodiment, sti-oke-volume-per-beat SV Is obtained based on systo- 
lic pressure Pmax, diastolic pressure Pmin, and ejection duration ED. Accordingly, a simple structure can be employed 
30 to calculate stroke-volume-per-beat SV within a short period of time. 

[0750] Note ttiat a plurality of tables TBI . TB2. ...TBn were provided in accordance witii the value of Pmax-Pmin in 
the preceding discussion. However. It is also acceptable to provide one representative table, and tiien connect tiie alter- 
nating flow area SI obtained tiierefrom using Pmax-Pmin, and make this the output of contraction period area table 
142. 

35 

4-3-6-3: Third aspect 

[0751] Stroke-volume-per-beat detector 414 according to the third aspect of the twelfth embodiment will now be 
explained. FIG. 109 is a block diagram of stroke-volume-per-beat detector 414 according to this third aspect. Excluding 

40 the provision of blood pressure memory 1 46. ttiis device is equivalent to stroke-volume-per-beat detector 41 4 according 
to the second aspect shown in FIG. 108. Systolic pressure Pmax and diastolic pressure Pmin in accordance with heart 
rate HR are stored in advance in blood pressure memory 4146. When storing data in blood pressure memory 4146. car- 
diac function diagnosing device 43 is set in a preparation mode, and the subject performs suitable exercise to vary tiie 
heart rate HR. The subject's heart rate HR varies in accordance with exercise, witii systolic pressure Pmax and diastolic 

45 pressure Pmin varying in response to the changes in heart rate HR. Blood pressure memory 4146 stores systolic pres- 
sure Pmax and diastolic pressure Pmin obtained at this time in association witii heart rate HR. 
[0752] Conversely, when the measured heart rate HR is supplied to blood pressure memory 146 in tiie mode for 
measuring stroke-volume-per-beat SV, systolic pressure Pmax and diastolic pressure Pmin are output. 
[0753] Accordingly, in this exanple, systolic pressure Pmax and diastolic pressure Pmin can be determined by sup- 

50 plying heart rate HR to stroke-volume-per-beat detector 414. Then, stiroke-volume-per-beat SV can be calculated 
based on tiiese values and ejection duration ED In the same manner as the second aspect. 

4-3-6-4: Fourth aspect 

55 [0754] In tiie preceding third aspect of the twelftti embodiment, heart rate HR and ejection duration ED were desig- 
nated as tiie inputs for stroke-volume-per-beat detector 414 by associating heart rate HR and systolic pressure Pmax 
and diastolic pressure Pmin. This means that stroke-volume-per-beat SV can be expressed as a function in which heart 
rate HR and ejection duration ED are variables. The fourth aspect of tiie twelfth embodiment was conceived in view of 
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this point, and has as its objective the calculation of stroke-volume-per-beat SV using a simpler structure. 
[0755] Stroke-volume-per-beat detector 414 according to this fourth aspect is equivalent to that shown in FIG. 97. 
When ejection duration ED and heart rate HR are supplied to stroke-volume-per-beat table 4147 in this case, stroke- 
votume-per-beat detector 414 specifies one table IB corresponding to heart rate HR. When contraction period area S 
5 which corresponds to ejection duration ED is read out from table TB thereafter, multiplier 4141 calculates stroke-vol- 
ume*per4)eat SV. 

[0756] Since stroke-volume-per-beat SV can be calculated from just ejection duration ED and heart rate HR in this 
way In the fourth aspect, it becomes possble to obtain stroke-volume-per-beat SV by means of a simple structure within 
a short period of time. Note that multiplier 4141 may be omitted if stroke-volumeiser-beat SV associated with ejection 
10 duration ED is stored in tables TB1 , TB2, ...TBn. In this case. S*Ksv may be stored in tables TBI . TB2....TBn in place 
of contraction period area S. 

4-3-7: Embodiment 13 

IS [0757] The cardiac function diagnosing device 43 in the eighth through twelfth embodiments employs the contraction 
period area method, multiplying a given coefficient Ksv and area S of the pulse waveform in ejection duration ED to cal- 
culate stroke-volume-per-beat SV. Coefficient Ksv will differ depending on the test subject. For this reason, in order to 
calculate an accurate stroke-volume-per-beat SV, it rs desirable to connect stroke-volume-per-beat SV obtained using 
the contraction period area method. 

20 [0758] Accordingly, in the thirteenth embodiment, stroke-volume-per-beat con-ector 424 explained in the sixth embod- 
iment is provided in between rate-of-change calculator 41 5' and stroke-votume-per-beat calculator 414 according to the 
eighth through twelfth embodiments shown in FIQs. 102, 103, 104, and 105. Stroke-volume-per-beat corrector 424 car- 
ries out connection of stroke-volume-per-beat SV (see FIG. 99). 

[0759] Namely, stroke-volume-per-beat con-ector 424 generates a corrected stroke-volume-per-beat SVh in the same 
25 manner as in the sixth embodiment. 

[0760] Thus, in this embodiment, a correction coefficient KH is calculated in the correction mode, with this correction 
coefficient KH employed in the regular measurement nrxxle to calculate a connected stroke-volume-per-beat SVh. As a 
result, a more accurate evaluation of cardiac function can be made. 

30 4-3-8: Embodiment 1 4 

[0761 ] In the fourteenth embodiment, the threshold values which serves as a reference for evaluation index X are var- 
ied in accordance to the surface area of the body. With the exception of the structure of evaluator 416. the structure of 
the fourteenth embodiment is equivalent to that of the eighth through thirteenth embodiments. In other words, the fbur- 
35 teenth embodiment corresponds to the seventh embodiment. 

[0762] FIG. 1 1 0 is a block diagram of evaluator 41 6* according to the fourteenth embodiment Evaluator 41 6' differs 
from evaluator 416 according to the seventh embodiment shown in FIG. 100 in that stroke-volume-per-beat rate-of- 
change SV is input into conparing member 162 rather than cardiac output CO. 

[0763] In this evaluator 416', body surface area calculator 4160 calculates body surface area TS based on body 
40 weight W (kg) and height H (cm). When body surface area TS is supplied to threshold table 161 . one of the tables is 
selected in response to the supplied body surfeice area TS from among the various tables. Threshold values R1 ,R2 are 
stored in association with heart rate HR in the selected table. On the other hand, because the heart rate HR during 
measurements is input to threshold table 161 . it is possible to obtain threshold values R1,R2 in accordance with the 
heart rate HR at the time of measurement Next, comparing member 4162 compares threshold values R1.R2 and 
45 stroke-volume-per-beat rate-of-change SV\ and generates an evaluation index X. 

[0764] Accordingly, by employing cardiac function diagnosing device 43 according to this embodiment threshoM val- 
ues R1 ,R2 can be automatically varied in accordance with the subject's tx)dy size and dynamically changing heart rate 
HR. As a result, it becomes possible to continuously evaluate cardiac function during daily activities. 

so 4-4: Example modifications 

[0765] The present invention Is of course not limited to the preceding embodiments. For example, the following mod- 
ifications are also possible. 

55 4-4-1 : Omission of frequency con-ector 

[0766] In the preceding second through forth embodiments, and in the ninth through eleventh embodiments, first fre- 
quency con-ector 421 or second frequency connector 423 were employed to compare energy in different frequency 
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regions. The corrected result was then compared to a threshold value to determine maximum peak Pmax, etc. It is also 
acceptable in this case that the threshold value itself be selected to incorporate frequency correction, thus permitting 
elimination of the frequency con-ector. 

5 4-4-2: Application of filter bank 

[0767] The preceding second through forth embodiments, and ninth through eleventh embodiments, employed wave- 
let transformation. It is also acceptable to perform wavelet transformation using a filter bank. For example, the filter bank 
shown in FIG. 30 and explained In Chapter 1 may be used. 

10 

4-4-3: Modification of body motion component remover 41 1 

[0768] Body motion component remover 41 1 in the first and eighth embodiments may perform tiie wavelet transfor- 
mation explained in the fourth embodiment. In tiiis case, the waveform may be resynthesized by performing the Inverse 
15 wavelet transformation expressed by Equation 2 in Chapter 1 on a wavelet from which body motion components have 
been removed. Heart rate HR and ejection duration ED may then be calculated based on the resynthesized pulse wave- 
form._Ihe inverse wavelet may be formed using an inverse filter bank. In this case, tiie Inverse wavelet transformer may 
be formed of the filter bank show in FIG. 31. 

20 4-4-4: Modification of notifying means 

[0769] In the preceding embodiments, display 417 was explained as one exanple of a notifying means. However, 
modifications thereof as explained in Chapter 1. Section 1-8-6. entitled "Other examples of notifying means" are of 
course acceptable. 

25 

4-4-5: Modification of arrangements for use 

[0770] In the preceding embodiments, the cardiac function diagnosing device took the form of a wristwatch sti-ucture, 
however, the present invention is not limited thereto. For example, tiie device may also be In the form of a pair of eye- 
so glasses (see FIG. 34), necklace (see FIG. 35). card (see FIG. 36) or pedometer (see FIG. 37), as described in Chapter 
1. 

4-4-6: Modification of pulse wave detecting means 

35 [0771 ] In the preceding embodiments, pulse wave detection sensor unit 1 30 was cited as one example of pulse wave 
detecting means f1. However, the present invention is not limited thereto. Rather, any means is acceptable as long as 
it can detect the pulse. 

[0772] For example, the pulse wave may be detected using a pressure sensor or transmitted light method as 
explained in Chapter 1 under section 1-8-7-1, entitled "Detection method". 

40 

4-4-7: Method for cateulating heart rate HR 

[0773] Heart rate HR may be determined using FFT in the first and eighth embodiments explained above. In this case, 
heart rate HR Is calculated by measuring the fundamental frequency f , and then calculating f • 60. 

45 

4-4-8: Application of Individual data base 

[0774] it Is also acceptable in tiie preceding embodiments to provide an individual data base for storing cardiac output 
CO and stroke-volume-per-beat SV in association witii heart rates HR. In this case, if cardiac output CO and stroke- 
so volume-per-beat SV are automatically stored in an Individual data base, witii historical values for cardiac output CO and 
stiroke-volume-per-beat SV displayed on display 417 by manipulating an operational button, then the subject can be 
made aware of trends in these values over time. For example, when running or performing other such training, the sub- 
ject is able to know tiie effect of this training. In addition, in tiie case of rehabilitation for a cardiac patient, it becomes 
possible to understand the degree to which the patient's cardiac function has recovered by examining tiiis ti^end. 

55 

4-4-9: Omission of acceleration sensor 130* and body motion component remover 41 1 

[0775] In the case of the device for calculating cardiac output CO and stroke-volume-per-beat SV when tiie subject 
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is at rest, acceleration sensor 130* (body motion detecting means) for detecting body motion waveforms and body 
motion component remover 41 1 for generating pulse waveform MH' from which body motion components has been 
removed by removing the body motion components from pulse waveform MH may be omitted in the preceding embod- 
iments since body motion is not present. When empfoying stroke-volume-per-beat calculator 414 disclosed in the fifth 
5 embodiment In this case, the calculation steps can be reduced. Thus, it is possible to shorten the processing time and 
reduce the amount of power consumed. 

4-4-10: Other examples for calculating correction coefficient TH 

10 [0776] In the sixth and thirteenth embodiments, con-ection coefficient KH was calculated based on a precisely meas- 
ured reference stroke-volume-per-beat SVr and the stroke-volume-per-beat SV calculated by stroke-volume-per-beat 
calculator 414. Correction coefficient KH was then stored in conrection coefficient memory 241. However, it is also 
acceptable to store correction coefficient TH in conrection coefficient memory 241 in association with heart rate HR. In 
this case, by reading out correction coefficient TH in accordance with heart rate HR during the regular measurement 

15 mode, a more accurate cardiac output CO can be calculated. 

[0777] In addition, rather than calculating con-ection coefficient KH for stroke-volume-per-beat SV, conrection coeffi- 
cient KH may be calculated for cardiac output CO in accordance with heart rate HR. In this case, a reference cardiac 
output CO' precisely measured at an external device, and cardiac output CO calculated by cardiac output calculator 
415. may be supplied to correction coefficient calculator 4240. Correction coefficient KH generated by correction coef- 

20 ficient calculator 4240 may then be stored in correction coefficient memory 4241 in association with heart rate HR. Dur- 
ing the regular measurement mode, multiplier 4242 multiplies cardiac output CO by the correction coefficient KH read 
out from correction coefficient memory 4241 based on the cun'ent heart rate HR, thereby providing a corrected cardiac 
output CO. 

25 Claims 

1 . A pulse wave diagnosing device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
30 a wavelet transforming means for performing wavelet transformation on said pulse waveform detected by said 

pulse wave detecting means, and then generating analyzed pulse wave data In each frequency region; and 
a pulse type data generating means for performing calculations on said analyzed pulse wave data and then 
generating pulse type data indicating the type of pulse waveform. 

35 2. A pulse wave diagnosing device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
a first wavelet transforming means for performing wavelet transformation on said pulse waveform detected by 
said pulse wave detecting means, and then generating analyzed pulse wave data in each frequency regbn; 
40 a body motion detecting means for detecting body motion and outputting a body motion waveform; 

a second wavelet transforming means for performing wavelet transformation on said body motion waveform 
detected by said body motion detecting means, and generating analyzed body motion data in each frequency 
region; 

a mask means for subtracting said analyzed body motion data from said analyzed pulse wave data, and gen- 
45 erating corrected pulse wave data from which body motion components have been removed; and 

a pulse type data generating means for performing calculations on said corrected pulse wave data generated 
by said mask means, and generating pulse type data indicating tiie type of pulse waveform. 

3. A pulse wave diagnosing device comprising: 

50 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body: 
a wavelet transforming means for performing wavelet transformation on said pulse waveform detected by said 
pulse wave detecting means, and then generating analyzed pulse wave data in each frequency region; 
a frequency correcting means for con-ecting said analyzed pulse wave data by normalizing power at each fre- 
55 quency based on each corresponding bandwidth in said frequency regions, and generating corrected pulse 

wave data; and 

a pulse type data generating means for performing calculations on said corrected pulse wave data, and then 
generating pulse type data indicating the type of pulse waveform. 
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4. A pulse wave diagnosing device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
a first wavelet transforming means for performing wavelet transformation on said pulse waveform detected by 
said pulse wave detecting means, and then generating analyzed pulse wave data in each frequency region; 
a first frequency con-ecting means for correcting said analyzed pulse wave data by normalizing power at each 
frequency based on each con-esponding bandwidth in said frequency regions, and generating corrected pulse 
wave data; 

a body motion detecting means for detecting motion of said body, and outputting a body motion waveform; 
a second wavelet transforming means for performing wavelet transformation on said body motion waveform 
detected by said body motion detecting means, and generating analyzed body motion data in each frequency 
region; 

a second frequency correcting means for conrecting said analyzed body motion data by normalizing power at 
each frequency based on each corresponding bandwidth in said frequency regions, and generating corrected 
body motion data; 

a mask means for subtracting said corrected body motion data from said corrected pulse wave data, and gen- 
erating corrected pulse wave data from which body vno^on components have been removed; and 
a pulse type data generating means for performing calculations on said corrected pulse wave data generated 
by said mask means, and generating pulse type data indicating the type of pulse waveform. 

A pulse wave diagnosing device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
a first wavelet transforming means for performing wavelet transformation on said pulse waveform detected by 
said pulse wave detecting means, and then generating analyzed pulse wave data in each frequency region; 
a body motion detecting means for detecting body motion and outputting a body motion waveform; 
a second wavelet transforming means for performing wavelet transformation on said body motion waveform 
detected by said body motion detecting means, and then generating analyzed body motion data in each fre- 
quency region; 

a mask means for subtracting said analyzed body motion data from said analyzed pulse wave data, and gen- 
erating in each frequency region pulse wave data from which body motion components have been removed; 
a frequency connecting means for conecting pulse wave data by normalizing power at each frequency based 
on each corr^ponding bandwidth in said frequency regions, and generating corrected pulse wave data; and 
a pulse type data generating means for performing calculations on said corrected pulse wave data generated 
by said mask means, and generating pulse type data indicating the type of pulse waveform. 

6. A pulse wave diagnosing device comprising : 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a t)ody; 
40 a wavelet transforming means for performing wavelet transformation on said pulse waveform detected by said 

pulse wave detecting means, and then generating analyzed pulse wave data in each frequency region; 

a body motion component removing means for removing a frequency component corresponding to body 

motion from said analyzed pulse wave data, and generating analyzed pulse wave data; 

a frequency con-ecting means for correcting said analyzed pulse wave data generated by said body motion 
45 component removing means in accordance with corresponding frequencies, and generating corrected pulse 

wave data; and 

a pulse type data generating means for performing calculations on said corrected pulse wave data, and gen- 
erating pulse type data indicating the type of pulse waveform. 

so 7. A pulse wave diagnosing device according to claim 2 or 6, wherein said pulse type data generating means com- 
prises: 

an inverse wavelet transforming means for performing inverse wavelet transformation on said corrected pulse 
wave data, and generating pulse wave data from which body motion components have been removed: and 
55 a data generating means for generating pulse type data based on peak information in said pulse wave data. 

8. A pulse wave diagnosing device according to one of claims 2. 4 and 5. comprising: 
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a state detecting means for detecting said physiological exercise state based on said body motion waveform 
detected by said body motion detecting means: and 

a controlling means for controlling said first wavelet transforming means in response to said motion state, so 
as to vary said frequency region which is siAjected to frequency analysis. 

5 

9. A pulse wave diagnosing device according to claim 8, wherein: 

said controlling means comprises a recording means for recording in advance the relationship between said 
physiological exercise state and said frequency region which is subjected to frequency analysis, and a reading 
10 out means for reading out said frequency region which is subjected to frequency analysis based on said phys- 

iological exercise state detected by said state detecting means; and 

said controHing means controls said frequency region which is subjected to frequency analysis based on said 
read out results. 



IS 10. A pulse wave diagnosing device according to one of claims 1 , 3. and 6. comprising: 



a pulse wave period detecting means for detecting a period of saidpulse waveform; and 

wherein said wavelet transforming means performs wavelet transformation in synchronization with said 

detected period. 

20 

11. A pulse wave diagnosing device according to one of claims 2, 4, and 5. comprising: 

a pulse wave period detecting means for detecting a period of said pulse waveform; and 
wherein said first and second wavelet transforming means perform wavelet transformation in synchronization 
25 with said detected period. 

12. A pulse wave diagnosing device according to one of daims 1 through 6, comprising a notifying means for informing 
an individual of said pulse type data generated by said pulse type data generating means. 

30 13. A pulse wave diagnosing device according to one of claims 1 through 6, wherein said pulse wave detecting means 
comprises a pressure sensor for employing pressure to detect an arterial pulse in said body. 

14. A pulse wave diagnosing device according to one of claims 1 through 6. wherein said pulse wave detecting means 
detects as said pulse waveform a received light signal in which reflected light obtained when said detection site on 

35 said body is irradiated with light of wavelength between 300 and 700 nm is received. 

1 5. A pulse wave diagnosing device according to one of claims 1 through 6, wherein said pulse wave detecting means 
detects as said pulse waveform a received light signal in which transmitted light obtained when said detection site 
on said body is irradiated with light of wavelength between 600 and 1000 nm is received. 

40 

16. A pulse type data generating method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which wavelet transforn^tion is performed on said detected pulse waveform and analyzed 
45 pulse wave data is generated in each frequency region; and 

a third step in which calculations are performed on said analyzed pulse wave data and pulse type data indicat- 
ing the type of pulse waveform is generated. 



17. A pulse type data generating method comprising: 

so 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which wavelet transformation is performed on said pulse waveform detected in said first step 
and analyzed pulse wave data is generated in each frequency region; 
a third step in which body motion is detected and a body motion waveform is generated; 
55 a forth step in which wavelet transformation is performed on said detected body motion waveform, and ana- 

lyzed body motion data is generated in each frequency region; 

a fifth step in which said analyzed body motion data is subtracted from said analyzed pulse wave data, and cor- 
rected pulse wave data from which body motion components have been removed is generated; and 
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a sixth step in which calculations are performed on said coaected pulse wave data and pulse type data indi- 
cating the type of pulse waveform is generated. 

18. A pulse type data generating method conrprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which wavelet transformation is performed on said pulse waveform detected in said first step 
and analyzed pulse wave data is generated in each frequency region; 

a third step in which said analyzed pulse wave data is corrected by normalizing power at each frequency based 
on each con^esponding bandwidth in said frequency regions, and corrected pulse wave data is generated: and 
a fourth step in which calculations are performed on said corrected pulse wave data arKi pulse type data indi- 
cating the type of pulse waveform is generated. 

19. A pulse type data generating method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which wavelet transformation is performed on said pulse waveform detected in said first step 
and analyzed pulse wave data is generated In each frequency region; 

a third step in which analyzed pulse wave data is corrected by normalizing power at each frequency based on 
each corresponding barKlwidth in said frequency regions, and corrected pulse wave data is generated; 
a forth step in which body motion is detected and a body motion waveform is generated; 
a fifth step in which wavelet transformation is performed on said body motion waveform detected in said forth 
step, and analyzed body motion data is generated in each frequency region; 

a sixth step in which analyzed body motion data is corrected by normalizing power at each frequency based 
on each corresponding bandwidth in said frequency regions, and con-ected body motion data is generated; 
a seventh step in which said corrected body motion data Is subtracted from said corrected pulse wave data, 
and corrected pulse wave data from which body motion components have been removed is generated; and 
an eighth step In which calculations are performed on said corrected pulse wave data and pulse type data indi- 
cating the type of pulse waveform Is generated. 

20. A pulse type data generating method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which wavelet transformation is performed on said pulse waveform and analyzed pulse wave 
data is generated in each frequency region; 

a third step In which body motion is detected and a body motion waveform is generated; 

a fourth step in which wavelet transformation is performed on said body motion waveform detected in said third 

step and analyzed body motion data is generated in each frequency region; 

a fifth step in which said analyzed body motion data is subtracted from said analyzed pulse wave data, and 
pulse wave data from which body motion components have been removed is generated in each frequency 
region; 

a sixth step in which pulse wave data is corrected by normalizing said power at each frequency, and corrected 
pulse wave data is generated based on each corresponding frequency; and 

a seventh step in which calculations are performed on said corrected pulse wave data, and pulse type data 
indicating the type of pulse waveform is generated. 

21. A pulse type data generating method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which wavelet transformation is performed on said pulse waveform and analyzed pulse wave 
data is generated in each frequency region; 

a third step in which said frequency components con-esponding to body motion are removed from said ana- 
lyzed pulse wave data and analyzed pulse wave data is generated; 

a fourth step In which analyzed pulse wave data is corrected In accordance with each corresponding fre- 
quency, and connected pulse wave data is generated; and 

a fifth step in which calculations are performed on said corrected pulse wave data, and pulse type data indicat- 
ing the type of pulse waveform is generated. 
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22. An exercise index measuring device comprising: 

a pulse rate detecting means for detecting a subject's pulse rate: 
a pitch detecting means for detecting a subject's exercise pitch; 

a determining means for determining said point at which said detected pulse rate and said detected exercise 
pitch are approximately the same; 

a first calculating means for obtaining a exercise intensity con-esponding to said determined point; and 
a first notifying means for informing an individual of said obtained exercise intensity as an exercise index. 

23. An exercise index measuring device according to claim 22, wherein said determining means determines tiiat said 
detected pulse rate and detected exercise pitch are the same provided that the difference between them is within 
the range of ±10%. 

24. An exercise index measuring device according to daim 22, comprising: 

a first recording means for recording said exercise Intensity obtained by said first calculating means in associ- 
ation with a time; and 

a second notifying means for informing an individual of the details recorded in said first recording means along 
with changes over time. 

25. An exercise index measuring device according to claim 22, comprising: 

a second calculating means for obtaining said current exercise intensity based on said detected exercise pitch 
or said detected pulse rate; and 

a third notifying means for informing an individual of said exercise intensity obtained by said second calculating 
means. 

26. An exercise index measuring device comprising: 

a pulse rate detecting means for detecting a subject's pulse rate; 
a pitch detecting means for detecting a subject's exercise pitch; 

a first comparing means for obtaining the difference between said pulse rate detected by said pulse rate detect- 
ing means and said pitch detected by said pitch detecting means, and comparing this difference witii said pulse 
rate or said pitch; and 

a forth notifying means for informing an individual of the results of the comparison obtained by said comparing 
means. 

27. An exercise index measuring device comprising: 

a pulse rate detecting means for detecting a subject's pulse rate; 
a pitch detecting means for detecting a subject's exercise pitch; 

a second comparing means for comparing said pulse rate detected by said pulse rate detecting means and 
said pitch detected by said pitch detecting means; and 

a fifth notifying means for Informing an exercise index which is in a direction which will eliminate the difference 
between said detected pitch and said detected pulse rate, based on the results of the comparison by said com- 
paring means. 

28. An exercise index measuring device according to claims 22, 25, 26 or 27. comprising a second recording means 
for recording in advance said subject's stride is provided, and wherein: 

said exercise performed by said subject is running; 

said pitch detecting means detects said subject's running pitch; and 

said first or second calculating means obtains as said exercise intensity said result obtained by multiplying said 
running pitch detected by said pitch detecting means with said stride recorded in said second recording means. 

29. An exercise Index measuring device according to claim 28, comprising a correcting means for correcting said stride 
recorded in said second recording means aoconr^anying changes in said subject's running pitch or pulse rate. 
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30. An exercise index measuring device according to claim 22, comprising a communicating means for transmitting 
and receiving information with an external piece of equipment. 

31. An exercise index measuring device according to claim 28, comprising: 

a third recording means for recording at least one or more data indicating said stride corrected by said con-ect- 
ing means, said pitch detected by said pitch detecting means, or said pulse rate detected by said pulse rate 
detecting means: and 

a communicating means for transmitting said data recorded in said third recording means to an external piece 
of equipment. 

32. An exercise index measuring device according to claim 30, wherein said communicating means receives at least 
one or more of data indicating said stride, said pitch or said pulse rate set by an external piece of equipment. 

33. An exercise index measuring method comprising: 

a first step in which a subject's pulse rate Is detected; 

a second step in which a subject's exercise pitch Is detected; 

a third step in which a point at which said detected pulse rate and said detected pitch are approximately the 
same is determined; 

a forth step in which a exercise intensity con^esponding to said determined point is obtained; and 
a fifth step in which an individual is informed of said obtained exercise Intensity as an exercise index. 

34. An exercise index measuring method according to claim 33, comprising: 

a sixth step in which said exercise intensity is recorded in association with a time; and 

a seventh step in which an individual is Informed of said recorded details along with changes over time. 

35. An exercise Index measuring method according to claim 33, comprising a step in which said current exercise inten- 
sity is determined from said detected exercise pitch and or said detected pulse rate, in place of said third and fourth 
steps. 

36. An exercise index measuring method comprising: 

a first step in which a subject's pulse rate is detected; 

a second step in which a subject's exercise pitch is detected; 

a third step in which the difference between said detected pulse rate and said detected pitch is obtained, and 

this difference and said pulse rate or said pitch is compared; and 

a forth step in which an individual is informed of said results of said comparison. 

37. An exercise index measuring method comprising: 

a first step in which a subject's pulse rate is detected; 
a second step in which a subject's exercise pitch is detected; 
a third step in which said detected pitch and said detected pulse rate are compared; and 
a fourth step in which an individual is informed of an exercise index in a direction which will eliminate the differ- 
ence between said detected pitch and said detected pulse rate, based on said results of said comparison. 

38. An exercise intensity detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 

a body motion detecting means for detecting a body motion waveform which expresses the motion of said 

body; 

a body motion component removing means for generating body motion components in said pulse waveform 
based on said body motion waveform, and removing said body motion components from said pulse waveform 
to generate a pulse wavefomi from which body motion conrponents have been removed; 
a respiratory component extracting means for extracting a respiratory component based on said pulse wave- 
form from which body motion components have been removed; and 
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an exercise intensity generating means for calculating an exercise intensity based on said respiratory compo- 
nent extracted by said respiratory component extracting means. 

39. An exercise intensity detecting device according to daim 38. wherein said respiratory component extracting means 
comprises: 

a wavelet transformer for performing wavelet transformation on said pulse waveform from wtiich body motion 
components have been removed, and generating analyzed pulse wave data from which body motion compo- 
nents have been removed; and 

a respiratory waveform generator for generating analyzed respiratory waveform data by removing a frequency 
component corresponding to a pulse wave component from said analyzed pulse wave data from which body 
nfK>tion components have been removed, and generating a respiratory waveform as said respiratory compo- 
nent by performing Inverse wavelet transformation on said analyzed respiratory waveform data. 

40. An exercise intensity detecting device according to claim 38 or 39, wherein said exercise Intensity generating 
means calculates said exercise intensity based on a proportion of frequency component obtained by performing 
frequency analysis on said respiratory component extracted by saidrespiratory component extracting means. 

41 . An exercise intensity detecting device according to claim 40. wherein said exercise intensity generating means cal- 
culates a distortion factor from each frequency connponent obtained by performing frequency analysis on said res- 
piratory component extracted by said respiratory component extracting means, and calculates said exercise 
intensity based on said distortion factor. 

42. An exercise intensity detecting device according to claim 40, wherein said exercise intensity generating means cal- 
culates said proportion of a fundamental frequency component and a third harmonic component obtained by per- 
forming frequency analysis on said respiratory component extracted by said respiratory component extracting 
means, and calculates said exercise intensity based on said proportion. 

43. An exercise intensity detecting device according to claim 38 or 39. wherein: 

said respiratory connponent extracting means extracts a respiratory waveform as said respiratory component; 
and 

said exercise intensity generating means detects a duty ratio of said respiratory waveform extracted by said 
respiratory component extracting means, and generates said exercise intensity based on said duty ratio. 

44. An exercise intensity detecting device according to claim 38. wherein: 

said body motion component removing means comprises: 

a first frequency analyzer for analyzing said frequency spectrum of said pulse waveform; 
a second frequency analyzer for analyzing said frequency spectrum of said body motion waveform; and 
a body motion component remover for removing frequency components which are the same as said fre- 
quency spectrum analyzed by said second frequency analyzer from said frequency spectrum analyzed by 
said first frequency analyzer and for generating a spectrum from which body motion conponents have 
been removed; 

said respiratory component extracting means extracts a frequency spectrum corresponding to said fundamen- 
tal component of said respiratory component from among said spectrum from which body motion components 
have been removed; and 

said exercise intensity generating means calculates said exercise intensity based on a level of said frequency 
spectrum con'esponding to said fundamental component of said respiratory component, and levels of said fre- 
quency spectrum con^esponding to said higher harmonic wave components thereof. 

45. An exercise intensity detecting device according to claim 44, wherein said respiratory component extracting means 
specifies said band defined according to said pulse rate from among said spectrum from which body motion com- 
ponents have been removed, and extracts said frequency spectrum oonresponding to said fundamental component 
of said respiratory conponent from said frequency spectrum in this band. 
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46. An exercise intensity detecting device according to claim 44 or 45, wherein said exercise intensity generating 
means calculates a distortion factor in said respiratory waveform based on said level of said spectrum con^espond- 
ing to said fundamental conrponent of said respiratory component and said levels of said spectrum corresponding 
to said harmonic components thereof, and calculates said exercise intensity based on said distortion factor. 

5 

47. An exercise intensity detecting device according to claim 44 or 45. wherein said exercise intensity generating 
means obtains a proportion between said level of said spectrum corresponding to said fundamental component of 
said respiratory component and a level of said spectrum conresponding to a third harmonic component, and calcu- 
lates said exercise intensity based on this proportion. 

10 

48. An exercise intensity detecting device oonrprising: 

a pulse wave detecting means for detecting a pulse wavefbmi at a detection site on a body; 

a respiratory component extracting means for extracting a respiratory component from said pulse waveform; 

75 and 

an exercise intensity generating means for calculating an exercise intensity based on said respiratory compo- 
nent extracted by said respiratory component extracting means. ^ 

49. An exercise intensity detecting device according to claim 46, wherein said respiratory component extracting means 
20 comprises: 

a frequency analyzer for performing frequency analysis on said pulse waveform, and generating analyzed 
pulse wave data; 

a pulse wave conponent remover for removing said pulse wave component from said analyzed pulse wave 
25 data; 

a fundamental frequency table for storing relationships associated in advance between fundamental frequen- 
cies of body motion and fundamental frequencies of respiration; 

a frequency specifying member for referencing said fundamental frequency table, and then specifying a respi- 
ratory fundamental frequency and a body motion fundamental frequency from among said analyzed pulse 
30 wave data; and 

an extractor for calculating each of sM harmonic wave frequencies based on said respiratory fundamental fre- 
quency specified by said frequency specifying member, and extracting said respiratory conrponent. 

50. An exercise intensity detecting device according to claim 48 or 49. wherein said exercise intensity generating 
35 means calculates a distortion factor in said respiratory waveform based on a level of said spectrum corresponding 

to said fundamental component of said respiratory corrponent and levels of said spectrum corresponding to har- 
monic components, and calculates said exercise intensity based on said distortion factor. 

51. An exercise intensity detecting device according to claim 48 or 49. wherein said exercise intensity generating 
40 means obtains a proportion between a level of a spectrum corresponding to said fundamental component of said 

respiratory component, and a level of a spectrum corresponding to said third harmonic conponent. and calculates 
said exercise intensity based on said proportion. 

52. An exercise intensity detecting device according to one of claims 38, 39, 44. 45, 48 or 49, comprising a notifying 
45 . means for informing an individual of said exercise intensity generated by said exercise intensity generating means. 

53. An exercise intensity detecting method comprises: 

a first step in which a pulse waveform is detected at a detection site on a body; 
so a second step in which body motion waveform expressing motion of said body is detected: 

a third step in which body motion components in said pulse waveform are generated based on said body 
motion waveform; 

a forth step in which said body motion conponents are removed from said pulse waveform, and a pulse wave- 
form from which body motion conponents have been removed is generated; 
55 a fifth step in which a respiratory conponent is extracted based on said pulse waveform from which body 

motion components have been removed; and 

a sixth step in which an exercise intensity is calculated based on extracted said respiratory conponent. 
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54. An exercise intensity detecting method according to claim 53. wherein said fifth step comprises: 

a step in which wavelet transformation is performed on said pulse waveform from which body motion con^- 
nents have been removed, and analyzed pulse wave data from which body motion consonants have been 
5 removed is generated; and 

a step in which analyzed respiratory waveform data is generated by removing frequency components con-e- 
sponding to pulse wave components from said analyzed pulse wave data from which body motion components 
have been removed, and a respiratory waveform Is generated as said respiratory component by peiforming 
Inverse wavelet transformation on said analyzed respiratory waveform data. 

10 

55. An exercise intensity detecting method according to claim 53 or 54. wherein said sixth step is characterized by said 
exercise intensity being calculated based on said proportion of said frequency conponents obtained after perform- 
ing frequency analysis on extracted said respiratory component. 

15 56. An exercise intensity detecting device according to claim 53 or 54. wherein: 

said fifth step is characterized by said respiratory waveform being extracted as said respiratory component 

from said pulse waveform from which body motion components have been removed; and 
said sixth step is characterized by said duty ratio for extracted said respiratory waveform t>eing detected, and 
20 said exercise Intensity being generated based on said duty ratio. 

57. An exercise intensity detecting method comprising: 

a first step In which a pulse waveform is detected at a detection site on a body; 
25 a second step in which a frequency spectrum of said pulse waveform is analyzed; 

a third step In which a body motion waveform expressing the motion of said body are detected; 

a forth step in which a frequency spectrum of said body motion waveform is analyzed; 

a fifth step in which a frequency spectrum which is equivalent to said frequency spectrum of said body motion 

waveform is removed from said frequency spectrum of said pulse waveform, and a spectrum from which body 
30 motion components have been removed in generated; 

a sixth step in which a frequency spectrum corresponding to a fundamental component of said respiratory 

component Is extracted from among said spectrum from which body motion components have been removed; 

and 

a seventh step In which an exercise intensity is calculated based on a level of said frequency spectrum con-e- 
35 spending to said fundamental component of said respiratory component and levels of said frequency spectrum 

corresponding to said harmonic components thereof. 

58. An exercise intensity detecting method comprising: 

40 a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which a respiratory component is extracted from said pulse waveform; and 

a third step in which exercise intensity is calculated based on extracted said respiratory component 

59. An exercise intensity detecting method according to claim 58. wherein said third step comprises: 

45 

a step in which preassoctated relationships between said fundamental frequency of body motion and said fun- 
damental frequency of respiration are stored; 

a step in which frequency analysis is performed on said pulse waveform and analyzed pulse wave data is gen- 
erated; 

so a step in which a pulse wave component is removed from said analyzed pulse wave data; 

a step in which said storage contents are referenced, and said fundamental frequency of body motion and said 
fundamental frequency of respiration are specified from among said analyzed data; and 
a step in which said frequencies of each of said harmonic waves are calculated based on specified said fun- 
damental frequency of respiration, and respiratory component is extracted. 

55 

60. A cardiac output detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
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a body motion detecting means for detecting body motion waveform expressing the motion of said body; 
a body motion conponent removing means for generating body motion components in said pulse waveform 
based on said body motion waveform, removing said body motion components from sard pulse waveform, and 
generating a pulse waveform from which body motion components have been removed: 
a heart rate detecting means for detecting a body's heart rate; 

an ejection duration detecting means for detecting an ejection duration of a heart based on said pulse wave- 
form from which body motion components have been removed; and 

a cardiac output calculating means for calculating cardiac output based on said heart rate and said ejection 
duration of said heart 

61. A cardiac oulput detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 

a body motion detecting means for detecting body motion waveform expressing the motion of said body; 

a body motion component removing means for generating body motion components in said pulse waveform 

based on said body motion waveform, removing said body motion components from said pulse waveform, and 

generating a pulse waveform from which body motion components have been renraved; 

a heart rate detecting means for detecting a body's heart rate; 

an ejection duration detecting means for detecting an ejection duration of a heart based on said pulse wave- 
form from which body motion components have been removed; and 

a cardiac output calculating means for calculating cardiac oulput based on said heart rate and said pulse wave- 
form from which body motion components have been removed during said ejection duration of said heart. 

62. A cardiac output detecting device according to claim 60 or 61 . further comprising; 

a determining means for determining whether or not body nfK>tion is present based on said body motion wave- 
form detected by said body n\oton detecting means; and 

wherein said body motion component removing means suspends said operation to remove body motion com- 
ponents when said result of this determination by said determining means indicates that body motion Is not 
present, and outputs said pulse waveform in place of said pulse waveform from which body motion compo- 
nents have been removed. 

63. A cardiac output detecting device according to daim 60 or 61 wherein said heart rate detecting means obtains said 
heart rate based on the periodicity of an electrocardiogram of said heart or the periodicity of said pulse waveform 
from which body motion components have been removed. 

64. A cardiac output detecting device according to claim 60 or 61. wherein said heart rate detecting means performs 
frequency analysis on a electrocardiogram of said heart or said pulse waveform from which body motion compo- 
nents have been removed, and determines said heart rate based on said results of this analysis. 

65. A cardiac output detecting device according to claim 60 or 61. wherein said ejection duration detecting means 
detects each peak in said pulse waveform from which body motion components have been removed, and detects 
said ejection duration by specifying a minimum peak or a negative peak which are said first or second peaks to 
appear after a maximum peak. 

66. A cardiac output detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 

a body motion detecting means for detecting body motion waveform expressing the motion of said body; 

a body motion component removing means for generating body motion components in said pulse waveform 

based on said body motion waveform, removing said body motion components from saki pulse wavefbrm, and 

generating a pulse wavefbrm from which body motion components have been removed; 

a wavelet transforming means for performing wavelet transformation on said pulse waveform from which body 

rrxrtion components have been removed, and generating in each frequency region analyzed pulse wave data 

from which body motion components have been removed; 

a heart rate detecting means for detecting a heart rate based on analyzed pulse wave data from which body 
motion components have been removed; 

an ejection duration detecting means for detecting an ejection duration of a heart based on said analyzed pulse 
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wave data from which body motion components have been removed; and 

a cardiac output calculating means for calculating cardiac output based on said heart rate and said pulse wave- 
form from which body motion components have been removed during said ejection duration of said heart. 

67. A cardiac output detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 

a body motion detecting means for detecting body motion waveform expressing the motion of said body; 

a body motion component removing means for generating body motion components in said pulse waveform 

based on said body motion waveform, removing said body motion corrponents from said pulse waveform, and 

generating a pulse waveform from which body motion components have been removed; 

a body motion component removing means for performing wavelet transformation on said pulse waveform from 

which body motion components have been removed, and generating in each frequency region analyzed pulse 

wave data from which body motion components have been removed; 

a frequency correcting means for correcting said analyzed pulse wave data from which body motion compo- 
nents have been removed by normalizing power at each frequency based on each corresponding bandwidth 

in said frequency regions, and generating connected pulse wave data; 

a heart rate detecting means for detecting a heart rate based on said corrected pulse wave data; 

an ejection duration detecting means for detecting an ejection duration of said heart based on said corrected 

pulse wave data; and 

a cardiac output calculating means for calculating cardiac output based on said heart rate and said pulse wave- 
form from which body motion components have been removed during said ejection duration of said heart. 

68. A cardiac output detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
a first wavelet transforming means for performing wavelet ti-ansformation on said pulse waveform, and gener- 
ating analyzed pulse wave data In each frequency region; 

a body motion detecting means for detecting body motion waveform expressing the motion of said body; 
a second wavelet transforming means for performing wavelet tiBnsformation on said body motion waveform, 
and generating analyzed body motion data in each frequency region; 

a body motion component removing means for subtracting said analyzed body motion data from said analyzed 
pulse wave data, and generating analyzed pulse wave data from which body motion components have been 
removed; 

a heart rate detecting means for detecting said heart rate based on said analyzed pulse wave data from which 
body riKtion components have been removed; 

an ejection duration detecting means for detecting an ejection duration of a heart based on said analyzed pulse 
wave data from which body motion components have been removed; and 

a cardiac output calculating means for calculating cardiac output based on said heart rate and said result 
obtained by adding said analyzed pulse wave data from which body motion components have been removed 
over in each frequency region during said ejection duration of said heart. 

69. A cardiac output detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
a first wavelet transforming means for performing wavelet transformation on said pulse waveform, and gener- 
ating analyzed pulse wave data in each frequency region; 

a first frequency correcting means for correcting said analyzed pulse wave data by normalizing power at each 
frequency based on each con'esponding bandwidtii in said frequency regions, and generating corrected ana- 
lyzed pulse wave data; 

a body motion detecting means for detecting body nation waveform expressing the motion of said body; 
a second wavelet transforming means for performing wavelet transformation on said body motion waveform, 
and generating analyzed body motion data in each frequency region; 

a second frequency correcting means for correcting said analyzed body nrx)tion data by normalizing power at 
each frequency based on each corresponding bandwidth in said frequency regions, and generating corrected 
analyzed body nfK>tion data; 

a body motion component removing means for subtracting said corrected analyzed body motion data from said 
con-ected analyzed pulse wave data, and generating analyzed pulse wave data from which body motion com- 
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ponents have been removed; 

a heart rate detecting means for detecting a heart rate based on said analyzed pulse wave data from which 
body motion components have been removed; 

an ejection duration detecting means for detecting an ejection duration of a heart based on said analyzed pulse 
wave data from which body motion components have been removed; and 

a cardiac output calculating means for calculating cardiac output based on said heart rate and the result 
obtained by adding said analyzed pulse wave data from which body motion components have been removed 
in each frequency region during said ejection duration of said heart. 

70. A cardiac output detecting device according to claim 68 or 69, wherein said first and second wavelet transforming 
means perform wavelet transformation in synchronization. 

71 . A cardiac oulput detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 

a wavelet transforming means for performing wavelet transformation on said pulse waveform detected by said 

pulse wave detecting means, and generating analyzed pulse wave data in eachJrequency region; 

a body motion component removing means for removing frequency components corresponding to body motion 

defined in advance from said analyzed pulse wave data, and generating analyzed pulse wave data from which 

body motion components have been removed; 

a heart rate detecting means for detecting a heart rate based on said analyzed pulse wave data from which 
body motion components have been removed; 

an ejection duration detecting means for detecting an ejection duration of a heart based on said analyzed pulse 
wave data from which body motion components have been removed; and 

a cardiac output calculating means for calculating cardiac output based on said heart rate and the result 
obtained by adding said analyzed pulse wave data from which body motion oonponents have been removed 
over in each frequency region during said ejection duration of said heart. 

72. A cardiac output detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 

a wavelet transforming means for performing wavelet transformation on said pulse waveform detected by said 

pulse wave detecting means, and generating analyzed pulse wave diata in each frequency region; 

a body motion component removing means for removing frequency components corresponding to body motion 

defined in advance from said analyzed pulse wave data, and generating analyzed pulse wave data from which 

body motion components have been removed; 

a frequency correcting means for correcting said analyzed pulse wave data from which body motion compo- 
nents have been removed by normalizing power at each frequency based on each corresponding bandwidth 
in said frequency regions, and generating corrected analyzed pulse wave data; 

a heart rate detecting means for detecting said heart rate based on said corrected analyzed pulse wave data; 
an ejection duration detecting means for detecting an ejection duration of a heart based on connected analyzed 
pulse wave data; and 

a cardiac output calculating means for calculating cardiac output based on said heart rate and the result 
obtained by adding said corrected analyzed pulse wave data over all frequency regions during said ejection 
duration of said heart. 

73. A cardiac output detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 

a wavelet transforming means for performing wavelet transformation on said pulse waveform detected by said 

pulse wave detecting means, and generating analyzed pulse wave data in each frequency region; 

a body motion component removing means for removing frequency components corresponding to body motion 

defined in advance from said analyzed pulse wave data, and generating analyzed pulse wave data from which 

body motion components have been removed; 

an inverse wavelet transforming means for performing inverse wavelet transformation on said analyzed pulse 
wave data from which body motion components have been renrxsved. and generating a pulse waveform from 
which body motion components have been removed; 

a heart rate detecting means for detecting a heart rate based on said pulse waveform from which body motion 
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components have been removed; 

an ejection duration detecting means for detecting an ejection duration of a heart based on said pulse wave- 
form from which body motion components have been removed; and 

a cardiac output calculating means for calculating cardiac output based on said heart rate and said pulse wave- 
5 form from which body motion components have been removed during said ejection duration of said heart. 

74. A cardiac output detecting device according to one of claims 60, 61, 66. 67, and 73. wherein said cardiac output 
calculating means calculates an area conresponding to said Section duration of said heart under sard pulse wave- 
form from which body motion components have been removed, by integrating said pulse waveform from which 

10 body motion components have been removed over said ejection duration, and calculates said cardiac output based 
on said are& 

75. A cardiac output detecting device according to one of claims 60, 61 , 66. 67, and 73, wherein said cardiac output 
calculating means calculates an area corresponding to said section duration of said heart under said pulse wave- 
rs form from which body motion components have been removed, based on each peak value in said pulse waveform 

from which body motion components have been removed during said ejection duration, and calculates said cardiac 
output based on said area. 

76. A cardiac output detecting device comprising: 

20 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
a heart rate detecting means for detecting a bod/s heart rate; 

an ejection duration detecting means for detecting an ejection duration of a heart based on said pulse wave- 
form; 

25 a recording means for recording in advance said stroke volume per beat corresponding to said heart rate and 

said ejection duration of said heart; and 

a cardiac output calculating means for reading out said stroke volume per beat from said recording means 
based on said ejection duration of said heart detected by said ejection duration detecting means and said heart 
rate detected by said heart rate detecting means, and calculating said cardiac output by multiplying said stroke 
30 volume per beat and saki heart rate. 

77. A cardiac output detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
35 a heart rate detecting means for detecting a heart rate; 

an ejection duration detecting means for detecting an ejection duration of a heart based on said pulse wave- 
form; and 

a cardiac output calculating means for calculating an area under said pulse waveform con-esponding to said 
ejection duration of said heart based on each peak value of said pulse waveform during sakJ ejection duration 
40 of said heart, and calculating said cardiac output based on sakJ area. 

78. A cardiac output detecting device according to one of claims 60, 61 . 66 through 69. 71 through 73, 76, and 77, com- 
prising: 

45 a recording means for recording as a correction coefficient the ratio between a reference cardiac output meas- 

ured by a reference device and said cardiac output measured by said cardiac output calculating means; and 
a multiplying means for multiplying said correction coefficient read out from said recording means and said car- 
diac output calculated by said cardiac output calculating means, and outputting the multiplied result as said 
cardiac output 

so 

79. A cardiac function diagnosing device provkJed witii said cardiac output detecting device according to one of claims 
60, 61 . 66 through 69, 71 through 73, 76 and 77, comprising a notifying means for informing an individual of sakJ 
cardiac output detected by said cardiac output detecting device. 

55 80. A cardiac function diagnosing devrce provided with said cardiac output detecting device according to one of daims 
60. 61 . 66 through 69. 71 through 73. 76 and 77. comprising: 

an evaluating means for comparing sati cardiac output detected by said cardiac output detecting device and 
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various threshold values, and generating an evaluation index; and 

a notifying means for Informing an individual of said evaluation index generated by said evaluating means. 

81 . A cardiac function diagnosing device according to claim 80. wherein said evaluating means comprises a changing 
member for changing said threshold values in accordance with said heart rate detected by said heart rate detecting 
means. 

82. A cardiac function diagnosing device according to daim 80. wherein said evaluating means comprises: 

an inputting m^ber for inputting parameters tor calculating a surface area of a subject's body; 

a calculator for calculating a body surface area based on said input parameters; and 

a changing member for changing each of said threshold values based on calculated said body surface area. 

83. A cardiac output detecting method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which body motion waveform expressing the motion of said body is detected; 

a third step in which body motion components in said pulse waveform are generated based on said body 

motion waveform; 

a forth step in which body motion components are removed from said pulse waveform, and a pulse waveform 
from which body motion components have been removed is generated; 
a fifth step in which a heart rate is detected; 

a sixth step in which an ejection duration of a heart is detected based on said pulse waveform from which body 
nrK>tion components have been removed; and 

a seventh step in which cardiac output is calculated based on said ejection duration of said heart and said 
heart rate. 

84. A cardiac output detecting method according to daim 83, comprising a step in which cardiac output is calculated 
based on said heart rate and said pulse waveform from which body motion components have been removed during 
said ejection duration of said heart, in place of said seventh step. 

85. A cardiac output detecting method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which body motion waveform expressing the motion of said body is detected; 

a third step in which body motion components in said pulse waveform are generated based on said body 

motion waveform; 

a forth step in which said body motion components are removed from said pulse waveform, and a pulse wave- 
form from which body motion components have been removed Is generated; 

a fifth step in which wavelet transformation is performed on said pulse waveform from which body motion com- 
ponents have been removed, and analyzed pulse wave data from which body motion components have been 
removed is generated in each frequency region; 

a sixth step in which a heart rate is detected based on analyzed pulse wave data from which body motion com- 
ponents have been removed; 

a seventh step in which an ejection duration of a heart is detected based on said analyzed pulse wave data 
from which body motion components have been removed; and 

an eighth step in which cardiac output is calculated based on said heart rate and said pulse wavefomi from 
which body motion components have been removed during said ejection duration of said heart. 

86. A cardiac output detecting method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which body motion waveform expressing the motion of said body is detected; 

a third step in which body motion components in said pulse waveform are generated based on said body 

motion waveform; 

a forth step in which said body motion components are renwved from said pulse waveform, and a pulse wave- 
form from which body motion components have been removed is generated; 

a fifth step in which wavelet transformation is performed on said pulse waveform from which body motion com- 
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ponents have been removed, and analyzed pulse wave data from which body motion components have been 
removed is generated at each frequency region; 

a sixth step in which said analyzed pulse wave data from which body motion components have been removed 
is connected by normalizing power at each frequency based on each conresponding bandwidth in said fre- 
quency regions, and corrected pulse wave data is generated; 

a seventh step In which a heart rate is detected based on said corrected pulse wave data; 

an eighth step in which an ejection duration of a heart is detected based on said corrected pulse wave data; 

and 

an eight step in which cardiac output is calculated based on said heart rate and said pulse waveform from 
which body motion components have been removed during said ejection duration of said heart. 

87. A cardiac output detecting method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step In which wavelet transformation is performed on said pulse waveform, and analyzed pulse wave 
data is generated in each frequency region; 

a third step in which body motion waveform expressing motion of said body is detected; 

a fburth step in which wavelet transformation is performed on said body motion waveform, and analyzed body 

motion data is generated in each frequency region; 

a fifth step in which said analyzed body motion data is subtracted from said analyzed pulse wave data, and 
analyzed pulse wave data from which body motion components have been removed is generated; 
a sixth step in which a heart rate is detected based on said analyzed pulse wave data from which body motion 
components have been removed; 

a seventh step in which an ejection duration of a heart is detected based on said analyzed pulse wave data 
from which body motion components have been removed; and 

an eightii step in which cardiac output is calculated based on said heart rate and the result obtained by adding 
in each frequency region said analyzed pulse wave data from which body motion components have been 
removed during said ejection duration of said heart. 

88. A cardiac output detecting method comprising: 

a first step in which a pulse waveform Is detected at a detection site on a body; 

a second step in which wavelet transformation is performed on said pulse waveform, and analyzed pulse wave 
data is generated in each frequency region; 

a third step in which analyzed pulse wave data is corrected by normalizing power at each frequency based on 
each con'esponding bandwidth in said frequency regions, and corected analyzed pulse wave data is gener- 
ated; 

a fourth step in which body motion waveform expressing tiie motion of said body is detected; 

a fifth step in which wavelet transformation is performed on said body motion waveform, and analyzed body 

motion data is generated in each frequency region; 

a sixth step In which said analyzed body motion data Is corrected by normalizing power at each frequency 
based on each corresponding bandwidth In said frequency regions, and oonrected analyzed body motion data 

is generated; 

a seventh step in which said corrected analyzed body motion data is subtracted from said corrected analyzed 
pulse wave data, and analyzed pulse wave data from which body motion components have been removed is 
generated; 

an eighth step in which a heart rate is detected based on said analyzed pulse wave data from which body 
motion components have been removed; 

a ninth step in which an ejection duration of a heart is detected based on said analyzed pulse wave data from 
which body motion components have been removed; and 

a tenth st^ in which cardiac output is calculated based on said heart rate and the result obtained by adding in 
each frequency region said analyzed pulse wave data from which body motion components have been 
removed during said ejection duration of said heart 

89. A cardiac output detecting method conprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which wavelet transformation is performed on said pulse waveform, and analyzed pulse wave 
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data in each frequency region is generated; 

a third step in which frequency components con'esponding to body motion defined in advance are removed 
from said analyzed pulse wave data, and analyzed pulse wave data from which body motion components have 
been removed is generated; 

a fourth step in which a heart rate is detected based on said analyzed pulse wave data from which body motion 
components have been removed; 

a fifth step in which an ejection duration of a heart is detected based on said analyzed pulse wave data from 
which body motion components have been removed; and 

a sixth step in which cardiac output is calculated based on a heart rate and the result obtained by adding said 
analyzed pulse wave data from which body motion components have been removed in each frequency region 
during said ejection duration of said heart. 

90. A cardiac output detecting method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which wavelet transformation is performed on said pulse waveform, and analyzed pulse wave 
data in each frequency region is generated; 

a third step in whlcFTfrequency conponents corresponding to body motion defined in advance are removed 
from said analyzed pulse wave data, and analyzed pulse wave data from which body motion components have 
been removed is generated; 

a fourth step in which said analyzed pulse wave data from which body motion components have been removed 
is corrected by normalizing power at each frequency based on each con'esponding bandwidth In said fre- 
quency regions, and corrected analyzed pulse wave data is generated: 
a fifth step in which a heart rate is detected based on said corrected analyzed pulse wave data; 
a sixth step in which an ejection duration of a heart is detected based on said corrected analyzed pulse wave 
data; and 

a seventh step in which said cardiac output is calculated based on said heart rate and the result obtained by 
adding corrected analyzed pulse wave data in each frequ&icy region during said ejection duration of said 
heart 

91. A cardiac output detecting method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which wavelet transformation is performed on said pulse waveform to generate analyzed 
pulse wave data in each frequency region; 

a third step in which frequency components con'esponding to body motion defined in advance are removed 
from said analyzed pulse wave data, and analyzed pulse wave data from which body motion components have 
been removed is generated; 

a fourth step in which inverse wavelet transformation is performed on said analyzed pulse wave data from 
which body motion components have been removed, and a pulse waveform from which body motion conrtpo- 
nents have been removed is generated; 

a fifth step in which a heart rate is detected based pn said pulse waveform from which body motion compo- 
nents have been removed; 

a sixth step in which an ejection duration of a heart is detected based on said pulse waveform from which body 
motion conponents have been renxived; and 

a seventh step in which cardiac output is calculated based on heart rate and said pulse waveform from which 
body motion components have been removed during said ejection duration of said heart. 

92. A cardiac output detecting method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 
a second step in which a heart rate is detected; 

a third step in which an ejection duration of a heart is detected based on said pulse waveform; 

a fourth step in which a stroke volume per beat assodated with said ejection duration of said heart and a heart 

rate is recorded in advance; 

a fifth step in which said stroke volume per beat recorded in said fourth step is read out from the menrK>ry con- 
tents based on said detected ejection duration and detected said heart rate; and 

a sixth step in which a cardiac output is calculated by multiplying said stroke volume per beat and said heart 
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93. A cardiac output detecting method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 
a second step In which a heart rate is detected; 

a third step in which an ejection duration of a heart is detected based on said pulse waveform; 
a fourth step in which an area under said pulse waveform which caresponds to said ejection duration of said 
heart is calculated based on each of peak values of said pulse wavefbrni during said ejection duration of said 
heart; and 

a fifth step in which cardiac output is calculated based on the results of calculations in said fourth step. 

94. A cardiac function measuring method for measuring cardiac function t>ased on said cardiac output detected by said 
cardiac output detecting method according to one of claims 83 through 93, conprising: 

IS 

a step in which said cardiac output is compared with each of threshold values and an evaluation index is gen- 
erated; and 

a step in which an individual is informed of said evaluation index. 

20 95. A stroke-volume-per-beat detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
a body motion detecting means for detecting body motion waveform expressing the motion of said body; 
a t)ody motion component removing means for generating body motion components In said pulse waveform 
based on said body motion waveform, removing said body motion components from said pulse waveform, and 
generating a pulse waveform from which body motion components have been removed; 
an ejection duration detecting means for detecting an ejection duration of a heart based on said pulse wave- 
form from which body motion components have been removed; 

a heart beat inten/al calculating means for calculating a heart beat inten/al based on said pulse waveform from 
which body motion components have been removed; and 

a stroke-volume-per-beat calculating means for calculating a stroke volume per beat t>ased on said ejection 
duration of sakJ heart and said heart beat interval. 

96. A stroke-volume-per-beat detecting device comprising: 

a pulse wave detecting means for detecting a pulse wavefbmi at a detection site on a body; 
a body motion detecting means for detecting body motion waveform expressing the motion of said body; 
a body motion component removing means for generating body motion components in said pulse waveform 
based on said body motion waveform, removing said txxjy motion components from said pulse waveform, and 
generating a pulse waveform from which body motion components have been removed; 
an ejection duration detecting means for detecting an ejection duration of a heart based on said pulse wave- 
form from which body motion components have been removed; and 

a stroke-volume-per-beat calculating means for calculating a stroke volume per beat based on said pulse 
waveform from which body motion components have been removed during said ejection duration of said heart. 

97. A stroke-volume-per-beat detecting device according to daim 95 or 96, comprising: 

a determining means for determining whether or not body motion Is present based on said body motion wave- 
form detected by said body motion detecting means; and 
so wherein said body motion component removing means suspends the operation to remove body motion com- 

ponents when the results of said determination by said determining means indicate that body motion is not 
present, and outputs sakJ pulse waveform In place of a pulse waveform from which body motion components 
have been removed. 

55 98. A stroke-volume-per-beat detecting device according to claim 95 and 96, wherein said ejection duration detecting 
means detects each peak in said pulse waveform from which body motion components have been removed, and 
detects said ejection duration by specifying negative or minimum peaks which are the first or second to appear after 
a maximum peak. 
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99. A stroke-volumei)er-beat detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body: 

a kxxJy motion detecting means for detecting body motion waveform expressing tiie motion of said body; 

a body motion conponent removing means for generating body motion components in said pulse waveform 

based on said body motion waveform, removing said body motion components from said pulse waveform, and 

generating a pulse waveform from which body motion conponents have been removed; 

a wavelet transforming means for performing wavelet transformation on said pulse waveform from which body 

motion components have been removed, and generating in each frequency region analyzed pulse wave data 

from which body motion components have been removed; 

an ejection duration detecting means for detecting an ejection duration of a heart based on said analyzed pulse 
wave data from which body motion components have been removed; and 

a stroke-volume-per-beat calculating means for calculating a stroke volume per beat based on said pulse 
waveform from which body motion components have been removed during said ejection duration of said heart. 

100. A stroke-volume-per-beat detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 

a body motion detecting means for detecting body motion waveform expressing tiie motion of said body; 

a body motion component removing means for generating body motion components in said pulse waveform 

based on said body motion waveform, removing said body motion components from said pulse waveform, and 

generating a pulse waveform from which body motion components have been removed; 

a body motion component removing means for performing wavelet transformation on said pulse waveform from 

which body motion components have been removed, and generating in each frequency region analyzed pulse 

wave data from which body motion components have been removed; 

a frequency correcting means for correcting said analyzed pulse wave data from which body motion compo- 
nents have been removed by normalizing power at each frequency based on each corresponding bandwidtii 
in said frequency regions, and generating corrected pulse wave data; 

an ejection duration detecting means for detecting an ejection duration of a heart based on said corrected 
pulse wave data; and 

a stroke-volume-per-beat calculating means for calculating a stroke volume per beat based on said pulse 
waveform from which body motion components have been removed during said ejection duration of said heart. 

101 .A stroke-volume-per-beat detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
a first wavelet transforming means for performing wavelet transformation on said pulse waveform, and gener- 
ating analyzed pulse wave data in each frequency region; 

a body motion detecting means for detecting body motion waveform expressing the motion of said body; 
a second wavelet transforming means for performing wavelet transformation on said body rTK>tion waveform, 
and generating analyzed body motion data in each frequency region; 

a body motion component removing means for subtracting said analyzed body motion data from said analyzed 
pulse wave data, and generating analyzed putse wave data from which body motion components have been 
removed; 

an ejection duration detecting means for detecting an ejection duration of a heart based on said analyzed pulse 
wave data from which body motion components have been removed; and 

a stroke-volume-per-beat calculating means for calculating a stroke volume per beat based on the result 
obtained by adding said analyzed pulse wave data from which body motion components have been removed 
over all frequency regions during said ejection duration of said heart. 

102. A stroke-volume-per-beat detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
a first wavelet transforming means for performing wavelet transformation on said pulse waveform, and gener- 
ating analyzed pulse wave data in each frequency region; 

a first frequency con-ecting means for correcting analyzed pulse wave data by normalizing power at each fre- 
quency based on each conresponding bandwkith in said frequency regions, and generating corrected analyzed 
pulse wave data; 



99 



EP0 947160A1 



a body motion detecting means for detecting body motion waveform expressing the motion of said body; 
a second wavelet transforming means for performing wavelet transformation on said body motion waveform, 
and generating analyzed body motion data in each frequency region; 

a second frequency correcting means for correcting said analyzed body motion data by normalizing power at 
5 each frequency based on each con'esponding bandwidth in said frequency regions, and generating corrected 

analyzed body motion data; 

a body motion component removing means for subtracting said corrected analyzed body motion data from said 
con-ected analyzed pulse wave data, and generating analyzed pulse wave data from which body motion com- 
ponents have been removed; 

10 an ejection duration detecting means for detecting an ejection duration of a heart based on said analyzed pulse 

wave data from which body motion components have been removed; and 

a stroke-volume-per-beat calculating means for calculating a stroke volume per beat based on the result 
obtained by adding said analyzed pulse wave data from which body motion components have been removed 
in each frequency region during said ejection duration of said heart. 

15 

103. A stroke-volume-per*beat detecting device according to claim 101 or 102, wherein said first and second wavelet 
transforming means perform wavelet transformation in synchronization. 

104. A stroke-volume-per-beat detecting device comprising: 

20 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
a wavelet transforming means for performing wavelet transformation on said pulse waveform detected by said 
pulse wave detecting means, and generating analyzed pulse wave data in each frequency region; 
a body motion component removing means for removing frequency connponents corresponding to body motion 
25 defined in advance from said analyzed pulse wave data, and generating analyzed pulse wave data from which 

body motion components have been removed; 

an ejection duration detecting means for detecting an ejection duration of a heart based on said analyzed pulse 
wave data from which body motion components have been removed; and 

a stroke-volume-per-beat calculating means for calculating a stroke volume per beat based on the result 
30 obtained by adding said analyzed pulse wave data from which body motion components have been removed 

over in each frequency region during said ejection duration of said heart. 

1 05. A stroke-volume-per-beat device comprising: 

35 a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 

a wavelet transforming means for performing wavelet transformation on said pulse waveform detected by said 
pulse wave detecting means, and generating analyzed pulse wave data in each frequency region; 
a body motion component removing means for removing frequency components corresponding to body motion 
defined In advance from said analyzed pulse wave data, and generating analyzed pulse wave data from which 

40 body motion components have been removed; 

a frequency correcting means for conrecting said analyzed pulse wave data from which body motion compo- 
nents have been removed by normalizing power at each frequency based on each corresponding bandwicHh 
in said frequency regions, and generating corrected analyzed pulse wave data; 

an ejection duration detecting means for detecting an ejection duration of a heart based on said corrected ana- 
45 lyzed pulse wave data; and 

a stroke-volume-per-beat calculating means for calculating a stroke volume per beat based on the result 
obtained by adding said conrected analyzed pulse wave data in each frequency regions during said ejection 
duration of said heart. 

50 106.A stroke-volume-per-beat detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
a wavelet transforming means for performing wavelet transformation on said pulse waveform detected by said 
pulse wave detecting means, and generating analyzed pulse wave data in each frequency region; 
55 a body motion component removing means for removing a frequency component corresponding to body 

motion defined in advance from said analyzed pulse wave data, and generating analyzed pulse wave data from 
which body motion connponents have been removed; 

an inverse wavelet transforming means for performing inverse wavelet transfornriation on said analyzed pulse 
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wave data from which body motion components have been removed, and generating a pulse waveform from 
which body motion components have been removed; 

an ejection duration detecting means for detecting an ejection duration of a heart based on said pulse wave- 
form from which body motion components have been removed; and 
5 a stroke-volume-per-beat calculating means for calculating a stroke volume per beat based on said pulse 

waveform from which body motion components have been rennoved during said ejection duration of said heart. 

1 07. A stroke-volume-per-beat detecting device according to one of claims 95. 96. 99, and 1 06. wherein said stroke-vol- 
ume-per-beat calculating means calculates an area corresponding to said ejection duration of said heart under said 

10 pulse waveform from which body motion components have been removed, by integrating said pulse waveform from 
which body motion components have been removed over said ejection duration of said heart, and calculates said 
stroke volume per beat based on said area. 

1 08. A stroke-volume-per-beat detecting device according to one of claims 95, 96, 99, and 1 06, wherein said stroke-vol- 
75 ume-per-heat detecting means calculates an area corresponding to said ejection duration of said heart under said 

pulse waveform from which body motion components have been removed, based on each peak value in said pulse 
waveform from which body nfK>tion components have been removed during saki ejection duration of said heart, and 
calculates said stroke volume per beat based on said area. 

20 1 09. A stroke-volume-per-beat detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
a heart rate detecting means for detecting a body's heart rate; 

an ejection duration detecting means for detecting an ejection duration of a heart based on said pulse wave- 
25 form; 

a recording means for recording in advance a stroke volume per beat associated with said body's heart rate 
and sak:l ejection duration of said heart; and 

a stroke-volume-per-beat calculating means for calculating said stroke volume per beat by reading out said 
stroke volume per beat from said recording means based on said ejection duration of said heart detected by 
30 said ejection duration detecting means and said heart rate detected by said heart rate detecting means. 

110.A stroke-volume-per-beat detecting device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
35 a heart rate detecting means for detecting a heart rate; 

an ejection duration detecting means for detecting an ejection duration of a heart based on said pulse wave- 
form; and 

a stroke-volume-per-beat calculating means for calculating an area under said pulse waveform which corre- 
sponds to said ejection duration of said heart, based on each of peak values of said pulse waveform during 
40 said ejection duration of said heart, and calculating said stroke volume per beat based on said area. 

Ill .A stroke-volume-per-beat detecting device according to one of claims 95. 96. 99 through 106, 109 and 1 10. com- 
prising: 

4S a correction coefficient calculating means for calculating as a correction coefficient the ratio between a refer- 

ence sti'oke volume per beat measured by a reference device and saki stroke volume per beat measured by 
said stroke-volume-per-beat calculating means; 

a recording means for recording said correction coefficient is association with said heart rate; and 
a multiplying means for reading out said correction coefficient associated with said heart rate from said record- 
so ing means, multiplying a read-out correction coefficient with said stroke volume per beat calculated by said 
sti'oke-volume-per-beat calculating means, and outputting tiie multiplied result as said stroke volume per beat. 

1 12. A cardiac function diagnosing device provided with a stroke-volume-per-beat detecting device according to one of 
claims 95, 96, 99 through 106. 109 and 1 10. comprising a notifying means for infbmrnng an indivkiual of said stroke 

55 volume detected by saKi stroke-volume-per-beat detecting device. 

113. A cardiac function diagnosing device provided with a stroke-volume-per-beat detecting device according to one of 
claims 95, 96, 99 through 106, 109 and 1 10, comprising: 
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an evaluating means for comparing said stroke volume per beat detected by said stroke-volume-per-beat 

detecting device with various threshold values, and generating an evaluation index; and 

a notifying means for informing an individual of said evaluation index generated by said evaluating means. 

11 4. A cardiac function diagnosing device provided with a stroke-votume-per-beat detecting device according to one of 
claims 95. 96. 99 through 106, 109 and 1 10. comprising: 

a rate-of-change calculating mender for calculating the rate of change in said stroke volume per beat; 

an evaluating means for comparing said rate of change in said stroke volume per beat with various threshokJ 

values, and generating an evaluation index; and 

a notifying means for informing an indivkJual of said evaluation index generated by sakl evaluating means. 

11 5. A cardiac function diagnosing device according to claim 113. wherein evaluating means comprises a changing 
merrtber for changing said threshold values in accordance with saki heart rate. 

11 6. A cardiac function evaluating device according to claim 113, wherein saki evaluating means comprises: 

an inputting menrtt>er for inputting parameters for calculating a suiiaca'aTea of a subject's body; 

a calculator for calculating a body surface area based on sakl input parameters; and 

a changing member for changing each of said threshokl values based on calculated said body surface area. 

117. A stroke-volume-per-beat detecting metiiod comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which body motion waveform expressing motion of a body is detected; 

a third step in which saki body motion conponents in saki pulse waveform are generated based on said body 

motion waveform; 

a forth step in which said body motion components are removed from saki pulse waveform, and a pulse wave- 
form from which body motion components have been removed is generated; 

a fifth step in which an ejection duration of a heart is detected based on saki pulse waveform from which body 
motion components have been removed: 

a sixth step in which a pulse interval is calculated based on said pulse waveform from which body motion com- 
ponents have been removed; and 

a seventh step in which a stroke volume per beat is calculated based on saki pulse interval and saki ejection 
duration of said heart 

118. A stroke-volume-per-beat detecting metiiod comprising: 

a first step in which a pulse waveform Is detected at a detection site on a body; 

a second step in which body motion waveform expressing the motion of said body is detected; 

a third step in which body motion components in said pulse waveform are generated based on said body 

motion waveform; 

a forth step in which said body motion components are removed from said pulse waveform, and a pulse wave- 
form from which body motion components have been removed is generated; 

a fifth step in which an ejection duration of a heart is detected based on saki pulse waveform from which body 
motion components have been removed; and 

a sixth step in which said stroke volume per beat is calculated based on said pulse waveform from which body 
motion components have been removed during said ejection duration of said heart. 

11 9. A stroke-volume-per-beat detecting method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which body motion waveform expressing motion of said body is detected; 

a tiiird step in which body motion conponents in saki pulse waveform are generated based on saki body 

motion waveform; 

a fortti step in which saki body motion components are removed from sakJ pulse waveform, and a pulse wave- 
form from which body motion components have been removed is generated; 

a fifth step in which wavelet transformation is performed on said pulse waveform from which body motion com- 
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ponents have been removed, and analyzed pulse wave data from which bcxiy motion components have been 
removed is generated in each frequency region; 

a sixth step in which an ejection duration of a heart is detected based on said analyzed pulse wave data from 
which body motion components have been removed; and 

a seventh step in which a stroke volume per beat is calculated based on said pulse waveform from which body 
motion components have been removed during said ejection duration of said heart. 

120.A stroke-volume-per-beat detecting method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which body motion waveform expressing body motion is detected; 

a tiiird step in which body motion components in said pulse waveform are generated based on said body 

motion waveform; 

a fourth step in which said body motion components are removed from said pulse waveform, and a pulse wave- 
form from which body motion components have been removed is generated; 

a fifth step in which wavelet transformation is performed on said pulse waveform from which body nfK)tion com- 
ponents have been removed, and analyzed pulse wave data from which body motion components have been 
removed Is generated at each frequency region; 

a sixth step in which analyzed pulse wave data from which body motion components have been removed is 
corrected by normalizing power at each frequency based on each corresponding bandwidth in said frequency 
regions, and conrected pulse wave data is generated; 

a seventh step in which an Section duration of a heart is detected based on said con'ected pulse wave data: 
and 

an eighth step in which a stroke volume per beat is calculated based on said pulse waveform from which body 
motion components have been removed during said ejection duration of said heart. 

121 .A stroke-voiume-per-beat detecting method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which wavelet transformation Is performed on said pulse waveform, and analyzed pulse wave 
data for each frequency region is generated; 

a third step In which body motion waveform expressing body motion is detected; 

a fourth step in which wavelet transformation is performed on said body motion waveform, and analyzed body 
motion data in each frequency region is generated; 

a f iftii st^ in which said analyzed body motion data is subtracted from said analyzed pulse wave data, and 
analyzed pulse wave data from which body motion components have been removed is generated; 
a sixth step in which an ejection duration of a heart is detected based on said analyzed pulse wave data from 
which body motion components have been removed; and 

a seventh step in which a stroke volume per beat is calculated based on said result obtained by adding sakJ 
analyzed pulse wave data from which body motion components have been removed over in each frequency 
region during said ejection duratk>n of said heart. 

122.A stroke-volume-per-beat detecting metiiod comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which wavelet transformation Is performed on said pulse wavefbrm to generate analyzed 
pulse wave data in each frequency region; 

a third step in which said analyzed pulse wave data is corrected by normalizing power at each frequency based 
on each corresponding bandwidtii in said frequency regions, and corrected analyzed pulse wave data is gen- 
erated; 

a fourth step in whtoh body motion wavefbrm expressing body motion is detected; 

a fifth step in which wavelet transformation is performed on said body motion wavefbrm, and analyzed body 

nnotion data in each frequency region is generated; 

a sixtii step in which analyzed body motion data Is corrected by normalizing power at each frequency based 
on each con^espondlng bandwidtii in said frequency regions, and connected analyzed body motion data is gen- 
erated; 

a seventh step in which said corrected analyzed body motion data is subtracted from said corrected analyzed 
pulse wave data, and analyzed pulse wave data from which body motion components have been removed is 
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generated; 

an eighth step in which an ejection duration of a heart is detected based on said analyzed pulse wave data 
from which body motion components have been removed; and 

a ninth step in which a stroke volume per beat is calculated based on the result obtained by adding said ana- 
lyzed pulse wave data from which body motion components have been removed over in each frequency region 
during sakl ejection duration of said heart. 

123. A stroke-volume-per-beat detecting method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which wavelet transformation is performed on said pulse waveform, and analyzed pulse wave 
data is generated in each frequency region; 

a third step in which frequency components conresponding to body motion defined in advance are removed 
from said analyzed pulse wave data, and analyzed pulse wave data from which body motion components have 
been removed is generated; 

a fourth step in which an ejection duration of a heart is detected based on said analyzed pulse waveform from 

which body motion oonrponents have been removed; and 

a fifth step in which a stroke volume per beat is calculated based on the result obtaining by adding said ana- 
lyzed pulse wave data from which body motion components have been removed over in each frequency region 
during said ejection duration of said heart. 

124. A stroke-volume-per-beat detecting method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which wavelet transformation is performed on said pulse waveform and analyzed pulse wave 
data is generated in each frequency region; 

a third step in which frequency components con-esponding to txxjy motion defined in advance are removed 
from said analyzed pulse wave data, and analyzed pulse wave data from which body motion components have 
been removed is generated; 

a forth step in which said analyzed pulse wave data from which body motion components have been removed 
is con-ected by normalizing power at each frequency based on each con-esponding bandwidth in said fre- 
quency regions, and corrected analyzed pulse wave data is generated; 

a fifth step in which an ejection duration is detected based on said corrected analyzed pulse wave data; and 
a sixth step in which stroke volume per beat is calculated based on the results obtained by adding said cor- 
rected analyzed pulse wave data in each frequency region during said ejection duration of said heart. 

125. A strbke-volume-per-beat detecting method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which wavelet transformation Is performed on sM pulse waveform and analyzed pulse wave 
data is generated in each frequency region; 

a third step in which frequency components con'esponding to body motion defined in advance are removed 
from said analyzed pulse wave data, and analyzed pulse wave data from which body motion components have 
been removed is generated; 

a forth step in which inverse wavelet transformation is performed on said analyzed pulse wave data from which 
body motion components have been removed, and a pulse waveform from which body motion components 
have been removed is generated; 

a fifth step in which an ejection duration is detected based on said pulse waveform from which body motion 
components have been removed; and 

a sixth step in which a stroke volume per beat is calculated based on said pulse waveform from which body 
motion components have been removed during said ejection duration of said heart. 

126. A stroke-volume-per-beat detecting method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 
a second step in which a heart rate is detected; 

a third step in which an ejection duration of a heart is detected k>ased on said pulse waveform; 

a fourth step in which a stroke volume per beat associated with said Section duration of said heart and said 
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body's heart rate are stored in advance: and 

a fifth step in which stroke volume per beat is calculated by reading out said stroke volume per beat recorded 
in said fourth step, based on said detected heart rate and said detected ejection duration. 

127. A stroke-volume-per-beat detecting method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 
a second step in which a heart rate is detected; 

a third step in which an ejection duration of a heart is detected based on said pulse waveform; and 
a fourth step in which an area under said pulse waveform which corresponds to said ejection duration of said 
heart is calculated based on each of peak values of said pulse waveform during said ejection duration of said 
heart, and a stroke volume per beat is calculated based on said area. 

128. A cardiac function measuring method for measuring cardiac function based on said stroke volume per beat 
detected by said stroke-volume-per-beat method according to one of claims 117 through 127, comprising: 

a step in which an evaluation index is generated by comparing said stroke volume per beat.with various thresh- 
old values; and 

a step in which an indivKlual is informed of said evaluation index. 

129. A cardiac function measuring method for measuring cardiac function based on said stroke volume per beat 
detected by said stroke-volume-per-beat method according to one of claims 117 through 127, comprising: 

a step in which the rate of change in said stroke volume per beat is calculated; 

a step in which an evaluation index is generated by comparing said rate of change in said stroke volume per 

beat with various threshold values: and 

a step in which an indivklual is informed of said evaluation index. 

Amended claims under Art 19.1 PCT 

1 . A pulse wave diagnosing device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
a wavelet transforming means for performing wavelet transformation on said pulse waveform detected by said 
pulse wave detecting means, and then generating analyzed pulse wave data in each frequency region; and 
a pulse type data generating means for performing calculations on saki analyzed pulse wave data and then 
generating pulse type data indicating the type of pulse waveform. 

2. A pulse wave diagnosing device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 

a first wavelet transforming means for performing wavelet transformation on said pulse waveform detected by 

said pulse wave detecting means, and then generating analyzed pulse wave data in each frequency region; 

a body motion detecting means for detecting body motion and outputting a body motion v^veform; 

a second wavelet transforming means for performing wavelet transformation on said body motion waveform 

detected by said body motion detecting means, and generating analyzed Ixxly motion data in each frequency 

region; 

a mask means for subtracting said analyzed body motion data from said analyzed pulse wave data, and gen- 
erating corrected pulse wave data from which body motion components have been removed; and 
a pulse type data generating means for performing calculations on said corrected pulse wave data generated 
by said mask means, and generating pulse type data indicating the type of pulse waveform. 

3. A pulse wave diagnosing device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 

a wavelet transforming means for performing wavelet transformation on said pulse waveform detected by sakl 

pulse wave detecting means, and then generating analyzed pulse wave data in each frequency region; 

a frequency correcting means for connecting said analyzed pulse wave data by normalizing power at each fre- 
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quency based on each corresponding bandwidth in said frequency regions, and generating corrected pulse 
wave data; and 

a pulse type data generating means for perfomiing calculations on said corrected pulse wave data, and then 
generating pulse type data indicating the type of pulse waveform. 

4. A pulse wave diagnosing device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
a first wavelet transforming means for performing wavelet transformation on said pulse waveform detected by 
said pulse wave detecting means, and then generating analyzed pulse wave data in each frequency region; 
a first frequency correcting means for correcting said analyzed pulse wave data by normalizing power at each 
frequency based on each con^esponding bandwidth in said frequency regions, and generating connected pulse 
wave data; 

a body motion detecting means for detecting motion of said body, and outputting a body motion waveform; 
a second wavelet transforming means for performing wavelet transformation on said body motion waveform 
detected by said body motion detecting means, and generating analyzed body motion data in each frequency 
region; 

a second frequency corTecting means for connecting said analyzed body motion data by normalizing power at 
each frequency based on each con'esponding bandwidth in said frequency regions, and generating corrected 
body motion data; 

a mask means for sutrtracting said corrected body motion data from said corrected pulse wave data, and gen- 
erating corrected pulse wave data from vi^ich body motion components have been removed; and 
a pulse type data generating means for performing calculations on said corrected pulse wave data generated 
by said mask means, and generating pulse type data indicating the type of pulse waveform. 

5. A pulse wave diagnosing device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 
a first wavelet transforming means for performing wavelet transformation on said pulse waveform detected by 
said pulse wave detecting means, and then generating analyzed pulse-wave data in each frequency region; 
a body motion detecting means for detecting body motion and outputting a body motion waveform; 
a second wavelet transforming means for performing wavelet transformation on said body motion waveform 
detected by said body motion detecting means, and then generating analyzed body motion data in each fre- 
quency region; 

a mask means for sukTtracting said analyzed body motion data from said analyzed pulse wave data, and gen- 
erating in each frequency region pulse wave data from which body motion components have been removed; 
a frequency con-ecting means for con-ecting pulse wave data by normalizing power at each frequency based 
on each corresponding bandwidth in said frequency regions, and generating corrected pulse wave data; and 
a pulse type data generating means for performing calculations on said corrected pulse wave data generated 
by said mask means, and generating pulse type data indicating tiie type of pulse waveform. 

6. A pulse wave diagnosing device comprising: 

a pulse wave detecting means for detecting a pulse waveform at a detection site on a body; 

a wavelet transforming means for performing wavelet transformation on said pulse waveform detected by said 

pulse wave detecting means, and then generating analyzed pulse-wave data in each frequency region; 

a body motion component removing means for removing a frequency component corresponding to body 

motion from said analyzed pulse wave data, and generating analyzed pulse wave data; 

a frequency con'ecting means for connecting said analyzed pulse wave data generated by said body motion 

component removing means In accordance with corresponding frequencies, and generating corrected pulse 

wave data; and 

a pulse type data generating means for performing calculations on savd corrected pulse wave data, and gen- 
erating pulse type data indicating the type of pulse waveform. 

7. A pulse wave diagnosing device according to daim 2 or 6. wherein said pulse type data generating means com- 
prises: 

an inverse wavelet transforming means for performing inverse wavelet transformation on said connected pulse 
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wave data, and generating pulse wave data from which body motion components have been removed; and 
a data generating means for generating pulse type data based on peak information in said pulse wave data. 

8. A pulse wave diagnosing device according to one of claims 2, 4 and 5, comprising: 

a state detecting means for detecting said physiological exercise state based on said body motion waveform 
detected by said body motion detecting means; and 

a controlling means for controlling said first wavelet transforming means in response to said motion state, so 
as to vary said frequency region which is subjected to frequency analysis. 

9. A pulse wave diagnosing device according to daim 8, wherein: 

said controlling means comprises a recording means for recording in advance the relationship between said 
physiological exercise state and said frequency region which Is subjected to frequency analysis, and a reading 
out means for reading out said frequency region which is subjected to frequency analysis based on said phys- 
iological exercise state detected by said state detecting means; and 

said controlling means controls said frequency region which is subjected to frequency analysis based on said 
read out results. 

10. A pulse wave diagnosing device according to one of claims 1 , 3, and 6. comprising: 

a pulse wave period detecting means for detecting a period of said pulse waveform; and 

wherein said wavelet transforming means performs wavelet transformation in synchronization witii said 

detected period. 

1 1 . A pulse wave diagnosing device according to one of claims 2, 4, and 5, comprising: 

a pulse wave period detecting means for detecting a period of said pulse waveform; and 

wherein said first and second wavelet transforming means perform wavelet ti'ansfbrmation in synchronization 

with said detected period. 

12. A pulse wave diagnosing device according to one of claims 1 through 6. comprising a notifying means for 
informing an individual of said pulse type data generated by said pulse type data generating means. 

13. A pulse wave diagnosing device according to one of claims 1 tiirough 6, wherein said pulse wave detecting 
means comprises a pressure sensor for employing pressure to detect an arterial pulse in said body. 

14. A pulse wave diagnosing device according to one of claims 1 through 6, wherein said pulse wave detecting 
means detects as said pulse waveform a received light signal in which reflected light obtained when said detection 
site on said body is In-adiated with light of wavelengtti between 300 and 700 nm is received. 

15. A pulse wave diagnosing device according to one of claims 1 through 6, wherein said pulse wave detecting 
means detects as said pulse waveform a received light signal in which transmitted light obtained when said detec- 
tion site on said body is iradiated witii light of wavelengtii between 600 and 1000 nm is received. 

16. A pulse type data generating method corrprising: 

a first step in which a pulse waveform Is detected at a detection site on a body; 

a second step in v^ich wavelet transformation is performed on said detected pulse waveform and analyzed 
pulse wave data is generated in each frequency region; and 

a third step in which calculations are performed on said analyzed pulse wave data and pulse type data indicat- 
ing the type of pulse waveform is generated. 

1 7. A pulse type data generating method comprising: 

a first step In which a pulse waveform Is detected at a detection site on a body; 

a second step in which wavelet transformation is performed on said pulse waveform detected in said first step 
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and analyzed pulse wave data is generated in each frequency region; 
a third step in which body motion is detected and a body motion waveform is generated; 
a forth step in which wavelet transfbmnation is performed on said detected body motion waveform, and ana- 
lyzed body motion data is generated in each frequency region; 

a fifth step in which said analyzed body motion data is subtracted from said analyzed pulse wave data, and cor- 
rected pulse wave data from which body motion components have been removed is generated; and 
a sixth step in which calculations are performed on said corrected pulse wave data and pulse type data indi- 
cating the type of pulse waveform is generated. 

18. A pulse type data generating method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which wavelet transformation is performed on said pulse waveform detected in said first step 
and analyzed pulse wave data is generated in each frequency region; 

a third step in which said analyzed pulse wave data is corrected by normalizing power at each frequency based 
on each corresponding bandwidth in said frequency regions, and corrected putse wave data is generated; and 
a fourth step in which calculations are performed on said corrected pulse wave data and pulse type data indi- 
cating the type of pulse waveform is generated. 

19. A pulse type data generating method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which wavelet transformation is performed on said pulse waveform detected in said first step 
and analyzed pulse wave data is generated in each frequency region; 

a third step in which analyzed pulse wave data is corrected by normalizing power at each frequency based on 
each corresponding bandwidth in said frequency regions* and corrected pulse wave data Is generated; 
a forth step in which body motion Is detected and a body motion waveform is generated; 
a fifth step in which wavelet transformation is performed on said body motion waveform detected in said forth 
step, and analyzed body motion data is generated in each frequency region; 

a sixth step in which analyzed body motion data is corrected by normalizing power at each frequency based 
on each corresponding bandwidth In said frequency regions, and con'ected body motion data Is generated; 
a seventh step in which said corrected body motion data is subtracted from said corrected pulse wave data, 
and conrected pulse wave data from which body motion components have been removed is generated; and 
an eighth step in which calculations are performed on said con'ected pulse wave data and pulse type data indi- 
cating the type of pulse waveform is generated. 

20. A puise type data generating method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which wavelet transformation is performed on said pulse waveform and analyzed pulse wave 
data is generated in each frequency region; 

a third step in which body motion is detected and a body motion waveform is generated; 

a fourth step in which wavelet b-ansformation is performed on said body motion waveform detected in said third 

step and analyzed body motion data is generated in each frequency region; 

a fifth step in which said analyzed body motion data is subtracted from said analyzed pulse wave data, and 
pulse wave data from which body motion components have been removed is generated in each frequency 
region; 

a sixth step in which pulse wave data is corrected by normalizing said power at each frequency, and corrected 
pulse wave data is generated based on each con^esponding frequency: and 

a seventh step in which calculations are performed on said con'ected pulse wave data, and pulse type data 
indicating tiie type of pulse waveform is generated. 

21 . A pulse type data generating method comprising: 

a first step in which a pulse waveform is detected at a detection site on a body; 

a second step in which wavelet transformation is performed on said pulse waveform and analyzed pulse wave 
data is generated in each frequency region; 

a third step in which said frequency components con-esponding to body motion are removed from said ana- 



108 



EP0947160A1 



lyzed pulse wave data and analyzed pulse wave data is generated; 

a fourth step in which analyzed pulse wave data is corrected in accordance with each corresponding fre- 
quency, and corrected pulse wave data Is generated; and 

a fifth step in which calculations are performed on said conrected pulse wave data, and pulse type data indicat- 
ing the type of pulse waveform is generated. 
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sensor and a notion intensity sensing method vhich is a sensing procedure 
for operating the motion intensity sensor and vhich includes a special 
technical feature of the motion intensity sensor. 

(4) The group of inventions of claims 60 to 129 relates to a cardiac output 
sensor, a cardiac function diagnosing apparatus including a special 
technical feature of the cardiac output sensor, a cardiac output sensing 
method vhich is a cardiac output sensing procedure for operating the cardiac 
output sensor and vhich include a special technical feature of the cardiac 
output sensor, and a cardiac function measuring method, a stroke output 
sensor, and a stroke output sensing method each including a special technical 
feature of the cardiac output sensor. However r these four groups of 
inventions are not considered as relating to a single general inventive 
concept, as it is not considered that there is a technical relationship among 
those inventions involving one or more of the same or corresponding technical 
features. 
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